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Remarks 

It is first, acknowledged with thanks that the Examiner has determined Claims 1 , 2, 4, 
.5, 7, 8, and 1 1-20 to be allowable. 

Claims 9, and 10 currendy stand rejected under 35 U.S.C. §1 12, first paragraph as not 
being sufficiently enabled commensurate with the scope of those claims. Applicants strongly 
disagree with the Examiner's characterization. It is known in the art that 5-HT 2C receptor 
activity has been associated with obsessive compulsive disorder as pointed out, among 
others, in J.R. Martin et al., 5-HT2C receptor agonist,: pharmacological characteristics and 
therapeutic potential, Journal of Pharmacology & Experimental 
Therapeutics, 286(2):9l3-924 (1998)(see particularly pg. 922, last par., andpg. 
223, last par.), and M. BoS et al., Novel agonists ofSHT2C receptors. Synthesis and 
biological evaluation of substituted 2~(indol-l-yl)-l-methylethylamines and 2-findeno[I,2- 
b]pyrroM-yl)-l~methylethylamines. Improved therapeutics for obsessive compulsive 
disorder, Journal of Medicinal Chemistry, 40(17):2762-9 (I997)(see 
particularly pg. 2762, 2 nd par., point (iii), 4* par, 4 th sentence, pg. 2764, 4* and 6 th full par.)- 
copies of which are attached hereto for the Examiner's convenience. These reference 
provides the necessary teaching such that the knowledge that the presently claimed 
compounds are 5-HT 2C receptor agonists together with a modicum of teaching of their 
formulation and administration, enables their use in the treatment of obsessive/compulsive 
disorder as claimed in Claims 9 and 10. The combination of the present specification with 
these references make it obvious how to treat obsessive compulsive disorder by 
administration of a compound of the present invention. It is not a requirement of enablement 
under § 1 1 2 to provide clinical data. Neither is it necessary to specify exact dosages for 
treatment in that it is quite routine to do the dose ranging studies necessary to determine 
optimum dosing, which would be expected to vary for any given compound, formulation, and 
route of administration desired; quantity of experimentation is not the only consideration, but 
also the nature of the experimention. Here, the necessary dose finding experimentation may 
require significant resources, but is rudimentary and expected for any given 
compound/formulation/route of administration. Therefore the rejection of Claims 9 and 10 is 
improper and its withdrawal is therefore respectfully requested. 
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Claims 3 and 6 also currently stand rejected under 35 U.S.C §112, first paragraph. In 
an effort to facilitate the issuance of the remainder of the Claims, Applicants have cancelled 
Claims 3 and 6 without prejudice to obviate the rejection, reserving the right to prosecute 
such claims in a divisional application. 

It is believed that all rejections have been overcome or obviated. It is believed that all 
issues have been addiessed and that the Claims are now in condition for allowance. A timely 
Notice of Allowance is requested. 

Respectfully submitted, 




R. Craig flicker 
Attorney for Applicants 
Registration No. 45,165 
Phone: 317-433-9829 



Eli Lilly and Company 
Patent Division 
P.O. Box 6288 

Indianapolis, Indiana 46206-6288 

i.w* 



PAGE 1202 * RCVD AT 1M2003 5:19:01 PM (Eastern Standard Time) * SVR:USPTO€FXRF-1IO * DNIS:8729306 • CSID:317 277 6534 * DURATION (mm«ss):1 5-18 



ELI LILLY AND CO 



Fax:317-277-6534 



Dec 4 2003 17:25 



P. 13 



0022-3565/BS/2S62-O9}3S03,0QA> 

TH8 JOUIWAI, OT PHARMACOLOOT AND EmiWZKTAL THERAPEUTICS 

Copyright © by Tb* American Society for Pharmacology and ExpertaKttal Therapeutics 
JPETZS6:?1S-9Z4, 19SB 



VqL 286, No. 2 
FHrUcd in U.8JL 
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ABSTRACT 

In vitro, (S)-2Kc+ibro-5-fluon>IndoM-v^ 1:1 
C^O, and {S)-2-(4A7-trimethyM^ 
rof-1-yf)-1-methylethyiamlne 1:1 C 4 H 4 0 4 exhibited hjgh-affinfty 
binding to the serotonin^ (SHT^ receptors and stimulated turn- 
over of Inositol 1,4,5-trfphosphate. Affinity to several of the other 
5-KT receptor subtypes and to numerous nonserotonergic recep- 
tors was much lower. In rats, both compounds elicited behavioral 
signs of receptor agonism but not S-HT^ receptor ago- 

nism. Hypomotility induced in rats by high doses of these com* 
pounds was reversed by the 5-HT 2C receptor antagonist N-{2- 
naphthyO-N r -p-pyr1dyl)-urea 1:1 HCI. in addition, these 
compounds were active in tests used to demonstrate antlcompul- 
sive effects: reducing schedule-induced polydipsia in rats {pre- 
vented by the 5-HT 2C/2B receptor antagonist N-(1-methylr5'-in- 
doIyt)-(3-pyrldy0urea 1:1 HCI, reversing increased scratching 
induced with 8-hydroxy-dipropylarninotetralin 1:1 HCI in squirrel 
monkeys (no tolerance developed), decreasing responding in the 
marble-burying task In mice, and decreasing excessive eating of 
palatable food in rats. In contrast to these compounds, fluoxetine 



was much less potent, and in some tasks less elficackxE, ki 
reducing excessive behavior in these models. These two 5-Hr 5 



receptor agonists do not show arnoogenic effects ^in: 'the idus- 
maze in rats. (S)-2^4,4J-trimethyl-1y^ 

rol-1-y^1-methylethylamine =1:1 CJH 4 Q 4 r^Lic^JteoOJMW 
bulbectorny-lnduoecf passive avoidance impairment in.fatsya.ie- 
sutt thai indicates aiitfdepressant potentlai. Simiiaiy, in t^e.dBfc*- 
ential^inforcernertt-of-low rate 7Z~& operant si^edule tsksk ki 
rats, (^-2-(chlQro^1]uoro^ol-l^ fcl 
C 4 H 4 Q 4 increased (and (S)-2K4A7-Trimethyi~T.^ 
deho[1 ^b]pyrrol-1 -^1 -m^lhylethyfamine 1 :1 C^H 4 0 4 sriowstf a 
tendency to Increase) total rranfbrc^merrts received, which is sug- 
gestive of antidepressant activity. The e1ectroe**psnhaJograpfc5r 
defined sleep-wakkig pattern in rctfs produced by these> two 
5-HT 2C agonists, as well as fluoxetine, included increased c*i*- 
waking and decreased rapkJ^e-rncsverrient sleeps which is char- 
acteristic of antidepressant drugs. These results suggest that 
5-HT receptor agonism b associ^ed with therapeutic potenfef 
bi obsessive compufeive disorder and depression. 



SSRIs are now well established as efficacious treatment for 
depression, OCD and bulimia (Den Boer and Westanberg, 
1995; Kennedy and Goldbloom, 1994; Rasnmssen et aL, 
1993). Various pharmacological effects of the neurotransmit- 
ter 5-HT have been demonstrated to depend predonunantly 
on its interaction with specific 5-HT receptor subtypes (cf. 
Saxena, 1995). This, in turn, has led to the development of 
such drugs as buspirone, a receptor partial agonist, 

for treatment of anxiety disorders (Goa and Ward, 1986) and 



deceived for publication November 21, 1996. 



ondansetron, a reoeptor antagonist, fo* reduction af 

emesis (Milne and Heel, 1991). 

5 HT 2C receptors are present at very high lercfain ch«tiS: 
plexus (a3 the only 5-HT receptor subtype located therejU 
they also occur in various other bxam regions Q*otapei&m*0£*. 
aLy 1994). receptor mBNA is found in mny brak 

areas in addition to those aut o*3«1lo graphically ahowo. It* 
have binding sites. mRNA was located i*nora*» 

ergjc, dopaminergic and ciuoimergSc nuclei. Loroe^bwt j^fe- 
theless still high* receptor densities are found in the Hneririb 
system and cortex (especialfr fronfcal cortex), a irault cmbs- 
tent with, a possible important role of 5-HT 2C3 receptoss it 



ABBREVIATIONS: m-CPP dirvdrochtoride, 1-{3-chloropheny()piperazina 12 HQ; 5-CT, 5^art)O xa wi0^tr y p^ne; W^1^(4-brofrii^ATieCHa^ 
phenyt)-2-arn?nopropaner (s)-DOI hydrochloride, rac-4-icdo-2,5^methoxy^-met^ylbefizy1arnine 1 A HCI; B^JHOPAT B^drochlorioe, &Ji**n)y-«fl&*B- 
pylaminotetralin 1:1 HCI; SB20O646A, N-(1-metrTyf^MnQ^H3-p^dy0urea 1:1 HO; Ro 60-01 3GOB30, C^^hk^o-S-fliifflD^do^Vs^ 
methyl ettiyiamine 1 ;1 C^H^ Ro 60-0332/ORG 35035, (S)-2-(4,4,7-trtmsthyM ,4-dihydro^ndono(1 Zrti&m*-^^ -^Tieftiyiethylamine 11 C^HX^ a> 
60-0491/001, N-C2-naphthyO-N'-(3-pyrtdyO-urea 1:1 HCI; S^HT. serotonin; DRL-72 ^ c^rent3al^dnforcemer*^low-ra&72-s operaritaaiedute?^ 
eiectfoencephalogram; EMG, electromyogram; FT-1 min, fixed-time 1-min operant schedule; IP 3 , inosaoi 1,4^siphos5^a; OCD, cteea^ <*3mifc 
srve tfisoroer; p.o. 7 per 03; REM, rapid eye movement; SSRJ, selective serotonin reuptake Inhibitor. 
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affective disorders. Specific antibodies have also been used to 
study the location of 5-HT 2C receptors, reco gn i zi ng sites in 
rat choroid plexufi, hippocampus, cerebral cortex, striatal 
and substantia nigra and in htwnan cerebral cortex, substan- 
tia nigra and cerebellum (Abramoweki et al./ 1995). 

The.potential use of 5-HT 2C receptor ligands in psychiatry 
is suggested by a number of observations. Transgenic mice 
that lacked functional 5-HT zC receptors exhibited abnormal 
feeding behavior leading to overweight, as well as suscepti- 
bility to seizures (Tecott et al., 1995). 5*HT ?C receptor-medi- 
ated effects, such as hypopnagia, resembie thrive induced by 
SSRIs (Leander, 1987; Lucki eiaL, 1988), and rurth'ermore, 
the interoceptive cue produced by SSRIs Has been reported to 
exhibit similarity to that of the 5-HT 2C receptor agonist 
MK212, only partiallv to the receptor agonist 8-OH- 

DPAT and not to the 5-HT 3A receptor agonist DOl (Be- 
rendsen and Broelikamp, 1994). Such results suggest that 
some of the therapeutic effects of the SSRIs may be mediated 
at least in part by 5-HT 2C receptor agonism. Certainly there 
are a number of common effects in rodents that have now 
been noted for SSRIs and 5-HT 2C receptor agorjusts, including 
inhibition of escape from aversive periaquedu«tal-gray etinv 
ulation, hypophagia;, decreased defensive burying* induction 
of penile erection and jbortubition of muricide (Bro^k&a&np and 
Bereridsen, 1992). A considerable body of ^ 
clinical data on m-CFP, which exhibit ^ nigh-affimit^ }nridm$ to 
5-HT 2C receptors (as well as afBaaity to several oth^r 6-HT 
receptor subtypes and nonserotonergic rwepiprs) indicates 
that under some circumstances it exacerbates clinical syxrip- 
toms in patients with OCD or panic anxiety (Eahn and Wet- 
zler, 1991). However, recent results suggest that such effects 
are probably 5-HT 1E> receptor-mediated (Zobar and Cohen, 
1995; Loi et al, 1995). Unfortunately, only nonselective 
5-HT 2C receptor agonists have been available as research 
tools- The present study provides an extensive biochemical 
and pharmacological characterization of two novel 
receptor agonists. 

Novel agents acting at the central 5-HT 2C receptora may 
offer therapeutic advantages. The absence -of appreciable af- 
finity to certain other 5-HT subtypes may>provide the basis 
for an improved therapeutic index compared with the general 
activation of all the different 5-HT reSptor subtypes by 
SSRIs. For example, 5-HT^ receptor agonism has been as- 
sociated with evidence of sexual dysfunction, and anxiogem- 
esis in am'mflla {e.g., Ahlenius et al,, 1986;.Moser et o7 v 1990; 
Maswood et al., 1996), and 5-HT^ receptor agonism has been 
implicated in cardiovascular effects (Sakena, 1995). The ex- 
perimental results described here with novel selective 
5-HT 2C receptor agonists in different animal models of psy- 
chiatric disorders support this view. Ko 60-017^ORG 35030 
and Bo 60-0332/ORG 35035 are 5-fiT 2C receptor agonists 
thai offer the potential advantages of therajpeutically rele- 
vant %fe"cH& H animal models of OCD and depression similar 
to or 'beiter than those of fluoxetine, combined with an im- 
proved side-effect profile. SSRIs enhance endogenously re- 
leased 5-HT and thereby activate all postsynaptic 5-HT re- 
ceptor subtypes.. A . direct agonistic effect at the 
receptor (especially in the absence of any appreciable S-TST^ 
receptor agpnism) defines the probable mechanism responsi- 
ble for the favorable pharmacological profiles of Ro 60-0175/ 
ORG 35030 and Ro 60-0332/ORG 35035. ■ 



Materials and Methods 



In Vftro Pharmacology 

in. vitro binding assays. In most binding assays, the compounds 
were tested at a single wmcentration (l0~* M) using the methodology 
described in table 1. In those assays where the compounds displaced 
more than 50% of the specific binding, the compounds were retorted 
at multiple concentrations to estimate values- With respect to 
the S-HT^, S-HTjsa and 5-HT 2C receptors, experiments were per- 
formed with membranes obtained from NTH 3T3 ceD hues espie^sring 
human human S-HT^ or human 5-rfTzc receptors Ckindly 

donated by Dr. Nico Stain, N V, Organon). For each receptor subtype, 
a single batch of cells was grown using fermentation techniques 
previously described (Sleight et al, 1996). Radioligand bindmg as- 
says were as pi«viously described for the human 5-HX^ receptor, 
with minor modifications for labeling human 5-HT^ and human 
5-HTgc receptors- Briefly, on the day of me experiment, membranes 
were thawed and ^suspended in 10 times the original vohtme of 
assay buffer to give a concentration of approximately 4 X 10 s cells 
per assay tube. The assay buffer consisted of Tris-HCl 50 mM, 
paxgyline 10" 5 M, MgCl« 5 mM and ascorbic acid 0-X%, P H 1A: ASX 
compounds were dissolved in 10% dimethyl sulfoxide and diluted in 
assay bafijer. Assays were similar for each receptor and consisted of 
100 ul rf membrane preparation (depending on the assay), 90 nl of 
radioligand (PHh5-HT 1 nM final concentration for labe^^binnsn 
and human oMTT^c receptor binding sites and P^-3DOB 1 
nM .final concentration fcr labeling human receptor^}- Non- 

specirlc brndin^ was defined in the presence of 10 5-HT in the 
cage of the human 5-HTiA and 5~HT ac receptor and in the peeeroce 
of 10 uM metbsysergide in the case of the human oVHT^ reee^nr. 
The spedb&c activities of PHItS-HX and PHJ-DOB were 29,7 3«d 15.0 
Ci/xnmoje, respectively (New England Nuclear, Boston, ^he 
incubations wore, performed at room temperature for 1 h. ffer all 
bidding experiments, reactions were stopped by rapid jSQttik^iun 
through either Wbatmann GF/B or GF/C filters^ Filters were* washed 
with 3 x 2 ml of Tris-HCl (50 mM, pH 7.4), and the r mtio fi trtfr ity 
retained on the filters was measured by a rfotiMrtt ipa spectececspy. 
All displaceoieiit experiments were performed m triplicate afldwre 
repeated at least three times. Saturation analyses were peaefcnwed' 
for each receptor using at least eight concentrations of each jla'AiB- 
gand (concentrations ranging from 0.05 to 10 ndff). Kssociatawa K*>n- 
stante CK<j) wm calculated using the ^T>A/LIGAND pro-am 
(MePherson, 1965; Munson and Rodbard; 1SSO). Where d&sj^ee- 
ment experiments- were performed, curves were ceogtructesfl «^ng" 
seven concentations of the displacing agents <one data prfintper 
logarithmic unit of concentration: 10" w to 10~~ 3 JJ0- I3dspfeice«eh^ 
curves were analyzed using EBDA/LIGAND to> caknlate pK^^aBftes. 

Tissue preparation and incubation ffcr t^tmiimh B merf 
production. 5-HT 5C -mediated stimulation of IPxprodncScn was? 
measured in tiae choroid plexus of the rst»Tb» danrid plessnswaar 
removed, placed in 200 nl of oxygenated Krefce somtion auad fecu— 
bated with 0.SS nmol myoinositol and 0-35 mncJ. pHfcnyo i « « M:foF 
lb at 37°C. Eharing this incubation, the tubes w^re gassed wv*hQ5%* 
oxygen/5% COfe every 20 min- A mixture of Lid aod parg^Bnewa^ 
then added (fjoosd concentration: LiCl = 10 iaM,a>aEgylme — ^»a*D^ 
followed 10 misk later by addition of the te* cajmpwmda t&EEaljncu- 
batkm vohunc = 250 #J). Dose-response mrrae oto com^ZBCted?. 
from data obtained from three separate mammmenbs jper ^te. 
point. The miaatme was incubated for a fuTffiw3»™ia at ^s/^CLThea 
assays were stopped by the addition of 25 pi «ff a stnpnin^dfaUom. 
(HCK) 4 2.64 M +- EDTA40 mM). Assay tutea ^ramfiozen own^icc^ 
for. 15 mm, thaswed and (then kept on ice fcrfcbi-TfaHtnbes vnfifcffiexa 
centrifnged for 20 min at 24,000 x g. ThangQa^iffle anffa wfew rffc 
Was removed amd placed in Eppendorf uihfitte^enWwim ^ AS. 
KOH. The sanopies were mixed well and keft o^.tcHotr 15 miaGn- , ~" 
samples wer^^men rece^xtruuged for 15 nrifeafc 14£B& rpm» 
supernatant wDcas remoT?ed and 30 >d of p^tic was 
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TABLE 1 

Assay conditions for radioligand binding experiments 



Ligjecod (ooacentrAtinrO 



&-HT1A • 1*H]6-HT (1 nM} 

5- BT1B psgCYP (0-1 nM) + iscpienaline (30 jiM) 

6- HT1D PH]LSD(2nM) 
5-KT2A pHlDGBdnM) . 
5-HT2C fH]5-BT 0. nM) 
5-HT3 fJ9]BKL 43694 a nM) 
5-HT4 PH]GR U3808 (0.1 nM) 

5- HT6 FHJLSD a uM) 

6- HT7 prflLSD (2nM) 
Adenosine Al PH]CCFA(0,5nM) 
Ariprww A2 pBQCGfl~21680 (6 uM) 
a-1 adrenergic l*ITJ!prs208m (0.26 nM) 
o>2 adrenergic PJHJKXB21002 (0.5 nM) 
pM adrenergic PHJ(-)CPG 12177 <1 nM) 
0-2aib*oergii: PHJC-XW 12177 (X nM) 

PH](-)CPG 12177 (G.15 nM) 

Dopamine J>-1 I*H]SCH 23390 (0.5 nM) 

Dopamine D-2 PH] spiperone (0.2 nM) 
[long form] 

Dopamine B-3 ftJTYM-09151-2 (0.1 nM> 

Dopamine 3M [^Spiperone (0.2 nM) 

[D4.4R isoform) 

Dopamine I>5 frflSCH 23390 (InM) 

HvTtnmTTiB H-l ^pyrilaminc (0.5 nM) 

Histamine H-2 PH] tjotidine .(2 n>J) 

Histamine H-3 pHJ^iMethyfcistamine (0.5 nM) 

Jbfoscsiinic M-l pISpirtilzepme (0.6 nM) 

FHjpireozeproe (2 nM) 

Muscarinic M-2 pH] AF-DX 384 (2 nM) 

pH!AF-DX384(3nM) 

Muscarinic M-3 PHJ4-DAMP (05 nM) 

pBDiqAMP(OJnM) 

Muscarinic M-4 PHJ4-DAMP (0-2 nM) 

MuscarjnicM-5 (*H34-DAMP (0.6 nM) 

Niroamc PH3<?ytiane (1 nM) 

Kamabe P^fcunate (5 nM) 

AMPA [*H1AMPA(5 nM) 

Mu opiate frJJDAMGO (1 nM) 

Delta opiate fHJFCl-JPhe-DFD)R£ (0.75 nM) 

Kappa opiate pH)U-09593 (L5 nM) 

BED pHJflumazenfl (1 nM) 



human, recombinant 
rat cerebral cartas 
human recombinant 
human recombinant 
human recombinant 
N1E-115 cells 
guinea pig striatum 
human recaxotanant 
human recombinant 
rat cm tibial cortex 
rat striatum • 
rat cerebral cortex 
rat cerebral cortex 
rat heart 
guinea pig lung 

buman recomhjnant 
VinTnqiy ^ i Boo flJbmant 



(3T3 calls) 

CHEK 293 cells) 
(3T3 ceOe) 
(3T3caDs) 



CHelaceHs) 
(CHO cells) 



(SF&ceDs) 
(CffltoceEs) 
(CHO cells) 



rat recxsnbinaat (CHO cells) 
rat recoinbinant (CHO cells) 

rat reccanbmant (CHO cells) 
guinea pig cereljettum 
. g ui n ea pig cerebral cortex 
rat cerebral cortex 
rat cerebral cortex 
human recombinant (CHO cells) 
rat heart 

human recombinant (CHO cells) 

rat salivary gland • 

human recombjnaut (CHO calls) 

human recombinant (CHO cells) 

human recombinant (CHO cells) 

rat cerebral cortex 

rat cerebral cortex 

rat cerebral cortex 

rat cerebral cortex 

rat cerebral cortex 

guinea pig cerebellum 

rat cerebral cortex 



1 h£5°C serotonin (AO juM) 

t5 JM37*C sejotonxoL (10 j^M) 

1 h/2&*C serotonin (10 ^Jvjj 

\h&5°C methy^exgidte (10 uM) . 

1 h/25'C sercianin (10 /iM) 

80 mnV25°C mctcclopramide (100 fxM) 

1 hft7°C serotonin (30 ^M) 

1 h/37°C eerotanin (10 iiAJ) 

1 h/3TC Methiothepin (10 /ilvf) 

2h/25*C CPA(10/uM) 

1.5 b/27 8 C NECA (100 pM) 

1 b/25"C ■ prazosin (0.6 /xM) 

30 min/SB^C ( -)epincphiine (100 jjlM) 

20 mm/25°C alprenolol (50 jiM) 

20 min/25°C alprenolol (50 jiM) 

20 mm#5°C alprenolol (50 jiM) 

46 min/26*C butaclamol (10 /tM) 

1 ]b/25°C butsdamd (10 pM> 

1 h/27°C butaclanxol (10 uM) 

1 h/26*C butadatnol (10 >tM) 

lb/25'C SCH 23390 (10 uM) 

10mm/25*C triproHdme (100 mM) 

30nuitf25*C histamine (5 nM) - 

1 h26*C (Ji^m^lhwt^axrine (5 jlMT 

2h/25°C atropine (InM) ". 

1 b/25°C atropine (1 /wM) 

lh/2o°C atropine (1 mM> 

1 b£27°G atropine O pM) 

45 min/25°C atropine (1 /JM) 

1 b/27°C atropine (1 /jM) 

1 h/27"C atropine (1 pM) 

1 b/25*C anropme (1 uM) 

75 min/4*C tUCOftne (10 

1 h/4 fl C L-glutamate U ^M) 

lh/4'C intonate CI nfcfl) 

lb/25°C nalaxnne(luM) 

15h/25°C naltrexone (10 >JU) 

lh/aS-C xxalwnne(l0|LM) 

lb/4°C diazepam (10 M 



isolation of EP 3 was as described in a previous report (Bouxson zt at., 
1&06). A concentration-responBe curve was constructed for 5-HT, 
m-CPP and the teet compounds. Six concentrations were used per 
test compound, the highest concentration tested being 0.1 mM. The 
maximal effect produced by each compound was compared with the 
stimulation induced by 10 /*M 5-HT to calculate the relative intrinsic 
activity. 

In Vivo Pharmacology 

Animal s and maintenance conditions. Adult male and female 
MORO mice and 3-week-old female DBA/2J mice (Biological Re- 
search Laboratories, CH-4414 Fullinsdorf, Switzerland) and male 
Swiss mice (Charles River, Sulzfeld, Germany) were used Adult 
male and female RORO rats (Biological Research Laboratories, CH- 
4414 FuJlinsdorf, Switzerland), male and female Sprague-Dawley 
rata (Biological Research Laboratories, CH-4414 FuUinsdorf, Swit- 
zerland and Charles River, Sulzfeld, Germany) and male Long- 
Evans rate (Had/Cpbs: Harlan; Zeist, The Netherlands) were used. 
The mice and rats were delivereclto the laboratory colony at least one 
day before testing. These anim^lR were housed in group cages with 
sawdust bedding under standard maintenance conditions (12:12 h 
light-dark cycle; 21-23* C; 55-65% relative humidity)- Both mice and 
rats received laboratory chow and tap water ad libitum in the home 
cage (except when otherwise specified by the experimental proce- 
dure). All testing was done during the light portion of the day-night 
cycle. At the conclusion of testing, the rodenta were euthanized by 
C0 2 exposure. 



Adult male squirrel monkeys (Saimiri sciureus) of approximately 
1 fcg b.w.t were used. The monkeys were mamtainei in an isolated 
facility under the supervision of veterinary stafL Aft monkeys had 
been in the laboratory colony for several years and were drug-expe- 
rienced. Before the start of any of the present Bsperhnenn^ the 
monkeys had received no drug treatment for at least 1 month. The 
monkeys were maintained either in groups of 6 to 12 in a rooxfrsize 
voliere or in pairs in stainless steel cages (0.85 m x fcG m x LZ m) 
with two elevated platforms and a hanging chain for i^bing, ^oth 
the temperature (28^30*C) and the humidity (50-ffi%) of* the ani- 
mal quarters were regulated.. A 12:12 hour Ij^trdarkejcle With light 
onset at 6 A.M. was used. A dry, nutritionally sufficient diet was 
available ad libitum and was supplemented each day with fresh 
fruits and vegetables. Tap water was available contimousdy i&t&e 
home cage. 

Behavioral observation in rats. Adult male HOfiO rata were 
injected s.c. with vehicle, Ro 60-0175/ORG 35030 or*i;60-a332«RG 
35035, as well as the reference compounds (±)-DOImd m-CPPand 
then placed individually in- Macrolon cages (29 x 2ft x S> cm) with 
sawdust bedding for observation of the intrinsic efiantE of eacktest 
compound. Groups of up to eight rats representing (Effereat tseat- 
ment conditions were observed simultaneously. A sizm pfiace* be- 
hind the cages permitted an all-round view of the Hte The e^eri- 
mental compounds were given in 0.3% (w/v) Twee»S0 in. disffled 
water in a volume of 2 ml/kg b.wt. The doses 0,1, 0J£ J» 3-2 srf 10 
mg/kg were evaluated (m-CPP was also tested at thedoses .Oland 
0.032 mg/kg). The rats were drug-experienced (atleat S dagrs i 
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out between successive tests). Observation began 5 misx after injec- 
tion. The presence or absence of penile erection (see Berendsen and 
Gcwer, 1986) was scored during successive 5-min intervals for 40 
mm Head shakes (total number of separate bouts) were scored 
during four o^min blocks at 5, 15, 25 and 35 mixx after Rejection and 
cumulated for. the whole session. These behavioral sigms provide a 
preliminary in vivo indication of S-HT^ receptor iue^ penile erec- 
tion) and S^ItTaA receptor (i.e., head shake) accivation (Serendsen et 
at, 1990).,The JEP^o value was calculated by probit analysis. 

Behavioral observation in squirrel monkeys. Adult male 
squirrel monkeys were administered p.o. different doses' of fluoxetine 
CI, 3, 10 orlM mg/kg^ Ro 6O0175V0RG 35030 (0,3,j6^ k 3 ox 10 
mg/kp), fiq 60U0332/ORG 35035 (0.3, 1, 3 or 10 mg/kg), or vehicle and 
then placed in an individual stainless steel cage (0.85 m x 0.6 m x 
1J2 m) with t^o elevated platforms and a hanging chain for climbing. 
Groups of bo lti monkeys per treatment condition wew used. The 
test compounds were given in 0.3% (w/v) Tween-30 in dx&tuled water 
in a volume of 2 ml/kg b.wt. Behavioral observations of the squirrel 
monkeys by :a trained observer began immediately after nHmim^ tra- 
tion and continued over a period of at least 6 h. 

Spontaneous motor activity in rats. Locomotor activity was 
monitored in naive adult male ROKO rats via a Digiscan Animal 
Activity Monitoring System (Omnitech Electronics, Columbus, 
Ohio), The test compounds were administered in (w/v) 
Tween-80 in distilled water in a volume of 2 ml/kg b-wiL AH testing 
was carried out in an illuminated room during the light portion of the 
day-night cycle. The parameter total distance (centimeters) was 
measured. The S-HTac receptor antagonist Ro 60-0491 (pR* values: 
h5-HT 2C 7.7; bSrHT^ = 6.0, reversal of m-CPP induced penile 
erection: IDe© = 7.7 mg/kg s.c; unpublished results).afc the dose 10 
mg/kg or vehicle was injected i.p., followed 15 mjn later by a second 
i.p, injection of vehicle, m-CFF(6 mg/kg), Ro 60-0 175/ORG 350^0 (10 
mg/kg) or Ro 60^332/ORG 35035 (10 mg/kg).. IinmecKabeJy after the 
second injection, each rat was placed into an individual Pieaaglas test 
cage (41 x £1 x 2$ cm) with sawdust bedding, and its activity was 
measured for a 30-min period. A different group of eight rats was 
used for each treatment condition. Statistical comparison was done 
with a two-tailed Mann*Whitney U test with a P vahae :s .05 ac^ 
cepted as si^fecant. 

Anticonvulsant, effects in mice. Protection fron* audiogenic 
seizures was investigated in naive female 21-day-old DKA/2J mice (a 
strain that exhibits age-dependent susceptibility to seizure). Oral 
treatment with a test compound or vehicle was given 3© nun before 
testing. Ho 60-0175/ORG 36030 (21, 32, 46, 68, 100 or 15© mg/kg) and 
Ro 60-0832/ORG 35035 (3.2, 10, 32 or 100 mg/kg) were gaven in 0,3% 
(w/v) Tween-80 in distilled water in a volume of 10 ml/kg b.wt. After 
treatment, each mouse was placed in a separate open transparent 
Plexiglas box composed of half of a circular container (diameter — 40 
cm, height ■ 20 cm) containing sawdust bedding. Testing was done 
in a sound-isolated chamber and involved exposure to a 14-kHz 
sinusoidal tone at 95 cLB measured 2 cm above the floor ( jzero dB was 
denned as. a pressure level of 20 /xPa) for 1 min, during which 
observations were made. After vehicle treatment, such acoustic stim- 
ulation typically induced wild running, clonic seizures and tonic 
convulsions in approximately 90% of the mice tested. Groups of 6 to 
8 mice were used to evaluate each dosage condition and the vehicle 
condition, and the proportion of the group that failed to ejihibit tonic 
convulsions was recorded. ED^> values were calculated by probit 
analysis. 

Elevated, plus-maze task in rats. Exploration was measured in 
an elevated plus-maze task in adult naive Sprague»Dawley male rats 
weighing 110 to 200 g at the time of testing. Drugs tJ&at increase 
exploration within this situation (i.e., benzodiazepine anxiolytics) 
are considered to exhibit anxiolyiac-like effects. The apjparatus was 
50 cm above the floor and consisted of two open arms (50 oa X 10 cm) 
perpendicular to two closed arms (50 cm x 10 cm x SO cm high) 
extending from an open central area (10 cm x 10 cmri. The light 
intensity on the central platform was 225 lux. All parts of the 
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apparatus were made, of grey rjolyvinylchloride plastic. The effects of 
i.p. administration of fluoxetine (5 mg/kg), Ro 60-0175/ORG 35030 
(JL5 mg/kg) and Ro 60-0332/ORG 35035 (7.5 mg/kg) were evaluated. 
The test compounds were given in 0.3% (w/v) Tween-80 in distilled 
water in a volume of 5 ml/kg b.wt. Thirty minutes after mjection/the 
rat was placed in the center of the plus-maze facing one of the closed . 
arms and observed for 5 min via a closed-circuit television camera by 
an observer located in an adjacent room. Number of entries and total 
time spent in the open arms were measured. The number of closed- 
arm entries was also recorded as a parameter of general locomotion, 
and the number of attempts at entry into open arms followed' by 
avoidance behavior was recorded as a measure of risk assessment. 
Entry into an arm was defined as the rat placing all four paw£ into 
the anwu The floor of the maze was thoroughly cleaned after each test 
trial. The effects of both the first injection and the final injection; in 
a series of four successive daily injections were Investigated.' ijtiring 
the subchronic experiment* the rate were group-housed under the 
previously described maintenance conditions with rive rats per cage. 
Each treatment group was composed of 16 rats. Differences between 
vehicle and drug treatments were evaluated* with ' a singte%cfidr 
ANOVA followed try a BonferxmnYDunu post-hoc test for multiple 
comparisons with a P value :£ .05 accepted as statistically signifi- 
cant. 

Burying behavior in mice* In this assessment, the mice are 
individually placed in a cage with giass marbles located on a layer of 
sawdust bedding; the marbles make it easy to quanta^ hnrying 
behavior. Naive adult Swiss" mice were tested m a Macrrflon^type JS 
test, cage (24 X 18 X 13 cm) containing 25 marbles "(1.5 cm in 
diameter) placed together in the middle on a 5-cm layer of sawdust. 
.Fluoxetine (10, 22 or 4$ mgfcg), RO 604)175/086 35030 (2.2, 4.6 or 
10' mg/kg) and Ho 60-0332/ORG 35035 (4.6, IP or 22 mg/kg) were 
evaluated. Vehicle or different doses' of each experimental compound 
were administered s.c. 30 nun before testing. The experiment^ com* 
,pounds were given in 5% Mulgofen (EI. 71SR, C&G Corp., New York, 
NY) in physiological saline. The volume of aAmni^tration was' 10 
ml/lq r bxWt. Groups of nine mice' were used too evaluate each treat* 
"n>ent condition. The mice were placed in mdzviaual test cages for a 
: 3(tanin test. The number of marbles covered it least two-tJburds by 
sawdust was counted at the conclusion rf tegs twg . The median for 
each dosage grcwap was calculated. The ED^q wa&es were calculated 
by probit analysis. 

Palatable food intake in rats. Adufc femfe RORO rats were 
used to evaluate hypophagia in a palatably Sad paradigm Toe 
nondeprived rats were repeatedly given feoSed potato in separate 
Mncrolon test cages (30 x 25 x io cm) Jacto^bedding until a stable 
level of consumption was obtained oWmg the '3&miix test om eeyeral 
successive days. Subsequently, the same grcf«^a£cu~ug-exp*srimced 
rats were tested! with vehicle and with &H fltos^gc conditions for a 
given test compound, a Twiniimim of 2 &&yn a^rv^ening I>etween 
successive tests - The compounds tested w«re> ^Sanetixw (3, W,!30 or- 
60 mg/kg). m-CPP (0.1, 0.3, 1 or 3 mg^kg); So fiB^O 175/ORG ^030 
(0l3, 1, 3 or 10 mg/kg) and Ro 60-03aWRO^35 (10, 30 or GO 
nag/kg). Several test sessions done -with veta&cfe-were interspersed 
with those of th*e different dosed of a test coas^and <a mean value- 
was then calculated). These test compoonfe W£fi$veii in 0.3%(w/v> 
Tween-80 in distilled water in a volume of2 nrSAgib.vrt. Groins of 20 
to> 30 animals were used. The treatment waas ^mirj&sterecft : ph. 30 
mm before testing in individual cages, rhlaafefife fiwxl intsfet was - - 
determined (weighed to the nearest 1 g) for & toin test session. 
Swch test sessionts were alternated wxthtraoiix^essategisin whoch no> 
treatment was akdamnis termed but otherwise tSftefest was'camrfout 
in the same maaaner as previously desEz^edu fefu^ion o^^e re- 
Slrfts was first dfoene- with tfee FViedmaii twe>-v«^5EaeJEyasis of wanaugtcer 
to. demonstrate overall statistical si^oiSemK^.J : XS^c^T<itv^s£^.st»-- 
ttstical signiftcaj»ce was fmmnv subsexpiftfeamafettB ^ascgjcri^ out 
wtth a two-tailed Wilcoxcc test to o&tnpxo $3**&&at of ea^ mdi- 
vidual dosage comdttiotx for a test compound isr^ihat ohtaimeiwith: 
vehicle. A P valce of ^ .05 was accented us a^tafetiQs3iy agmtfrant^ 
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The minimal effective dose (MED) to produce a statistically signifi- 
cant reduction in palatable food intake was determined. 

Schedule-induced polydipsia task in rats. Excessive drinking 

was induced in adult female RORO rats through the use of a. fixed- 

fjroe operant schedule (FT-1 min). The rata were OJrugr-GKperiencod 

and were food-deprived overnight before each test session. The test 

apparatus consisted of a sound-attenuated chamber surrounding a 

Plexigias test box (30 x 25 x 3D cm) that was equipped with a 

stainless steel grid floor and a mechanism to permit the automatic 

delivery of one 45-mg food pellet (Formula A/I; P.J. Noyes Company, 

Inc., Lancaster, NH) each minute into e food cup. The test session 

was 1 h. The test compounds were given in 6.3% (w/y) Tween-80 in. 

distilled water in a volume of 2 ml/kg b.wt. In an initial e^eriment. 

either vehicle or a test compound was administered p.o. 30 mux 

before the start of testing. .The reference compound fluoxetine was 

tested at the doses 10, 30 and 60 mg/kg. Ro 60-0175/ORG 35030 and 

Jto 60-0332/ORG 35035 were tested at the doses 1, 3, and 10 rag/fe£. 

A single group of 16 to 20 rats was used in each experiment to test 

vehicle and all of the selected doses of a given compound. Test days 

alternated with training days, on which the session proceeded in the 

same manner as on teat days except that no treatment was given. In 

addition, we interspersed control sessions in which 60 food pellets 

were placed in the food cup at the start of the session and there was 

no other delivery of food during the entire 1-h test. A bottle contain- 
ing tap water was always available on the test apparatus, but intake. 

was measured (to the nearest 1 g) only for the test sessions and the 

control sessions. Evaluation of the results obtained in this test par- 
adigm for both schedule-induced and control water intake was first 

done with the Friedman two-way analysis of variance to demonstrate 

overall statistical significance, 'Whenever overall, statistical signifi- 
cance was found, subsequent analysis* was carried but with a two- 

tafted Wilcoxon test to compare the effect of each individual dosage- 
condition for a test compound to that obtained with vehicle. A P value 

of ^ .05 was accepted as statistically significant. 

In a subsequent set of experiments using this polydipsia para- 
digm, an initial i.p. dose of either vehicle or the selective 

receptor antagonist SB 20O646A at the dose 30 mg/kg (Kennett et cd.> 

1994) was administered 30 min before the test, followed 10 later 

by p.o- administration of vehicle or the test compound (10 mg/kg Ro 

60-0175/ORG a5030 or 20 mg/kg Ro oO-0332/ORG 35035). In a pre- 

liniinary test it was shown that this dose of SB 200646A did not 

appreciably reduce stress-induced polydipsia! A single group of 14 to 

16 rats was used in an experiment to evaluate each of these two test 

compounds. Testing then proceeded as previously described. Evalu- 
ation of the results obtained in this test paradigm was done using a 
two-tailed Wilcoxon test, a P value of .05 being accepted as sta- 
tistically significant. 

Compulsive behavior in monkeys. Adult male squirrel mon- 
keys first received p.o, administration of vehicle, fluoxetine (1, 3, 10 
or 30 mg/kg), Ro 604)175/ORG 35030 (0.3, 0.6, 1, 3 or 10 mg/kg) or Ro 
6O-0332/ORG 86035 (0,3, 1, 3-0r 10 mg/kg). This dose of 8-OH-DPAT 
(0.1 mg/kg s c.) was used because it was the lowest dose consistently 
to induce compulsive whole-body scratching ("displacement behav- 
ior') occurring periodically in bouts in squirrel monkeys (Moreau et 
aL, 1992). The test compounds were given in 0.3% (w/V) Tween-80 in 
distilled water in a volume of 2 ml/kg b.wt. Groups of 4 to 5 monkeys 
per dose were used, and 14 monkeys were given vehicle treatment. 
Each monkey was tested only once in this entire experiment. Imme- 
diately after injection of S-OH-DPAT, the monkeys were placed in 
individual test cages, and scratching bouts were scored over the 2-h 
observation period after injection. The observer was not blind with 
respect to the treatment condition. The ID 50 values were calculated 
with pxobit analysis. 

In a subsequent experiment, different groups of 10 monkeys re- 
ceived p.o. administration of vehicle, 1 rag/kg Ro 60-0175/ORG 35030 
or 10 mg/kg fluoxetine once daily'fbr 15 days. A challenge teat with 
8-OH-DPAT was done as described above on the first and the final 
treatment day to permit an assessment of tolerance development. 
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Evaluation of the results was done using a two- tailed Mann-Wbitney 
U test to compare treatment conditions and a two-tailed Wilcoxon 
test to compare the anHcompulsive effect of each treatment condition 
on .the first us, the final treatment day, A P value of ^ .05 was 
accepted as statistically significant. 

Passive avoidance deficit in olfac^or^-bnlbectmnized xats. 
Bulbectomized rats exhibit disturbed emotional behavior, which can 
be seen in impaired passive avoidance acquisition that is amelio- 
rated by antidepressant treatment (Broekkamp et al., 1980). Naive 
Sprague-Pawley rats underwent bilateral bulbectomy via a vacuum 
suction method under pentobarbital anesthesia ($0 mg/kg i_p- Nem- 
butal, supplemented as needed). During convalescence the operated 
rats were housed in groups of five in Maarolon*~type H cages x 
13 X 13 Cm). Passive avoidance training began 10 days after snz£Bxy. 
The apparatus was a black plastic box (40 X 40 X 40 cm) wath a 
transparent plastic lid and a stainless-steel grid floor- A pBastic 
platform (40 X 8 cm), was attached to a wall 4 cm above the grid floor. 
Vehicle (physiological saline) or 5 mg/kg Bo 6O-03$2i/ORp35O3S was 
injected s.c. 30 min before the start of testing. Th^ volume • 
tared was 5 ml/kff b.wt. A tarial began by placing a rat on the < 
platform above a» electrified grid (0.7-mA scrambled shock), 
the rat stepped down onto the grid with all four paws, foot shock, was 
delivered for 2 s- The stepdown latency for the first trial was re- 
corded. After each trial the rat was returned to its home caga «6r a 
period of 1 min. Training continued until the rat stayed Ofl* the / 
elevated platform, for 5 min or for a maximum of 10 trials. Grc*^>s of/ 
8 to 10 rats per treatment condition were used Hie total trials 
required to meet the learning criterion was evaluated using £l -two- 
tailed Mann-Whitney U test to compare groups, a P value =e ,05 
being accepted as significant. After the completion of testing, thevrute 
were sacrificed. and the olfactory hulb.ablationa ysrh^ed* 

DRL-72 & taslc in rats. La a task employing the DSRLr72 s, 
depressants hava generally been found to dose-dependency decease 
response rates bot to increase the total number, of rtnx&rcerasiitg 
obtained in a session (OT^onneti and. Seiden, Adult jmafe 

Long-Evans rats (325-425 g) were mdrvioually Erased and mahv 
tained on a schedule qf risstricted feeding (15-20 g per day> mrilh 
water available ad JtOita^. Testing took place in standard opetfant 
chambers (Med Associates, Inc., Georgia, VT> equipped with a hew 
light, two cue laraps placed directly over two levers and a ceataalfr 
placed pellet disjoenser with cue light. The testing schedule ^eas 
controlled by a DBG TOO series interface connected to si IBM iSsflS* 
PC ru nning MedState notation software The daily teat \ 
lasted X h. In the DRL-72 s task, the rat must wait ai 
between lever presses in order to obtain, food 
earlier response resets the dock and is not reinforced. . Only": 
right-hand lever was active in this procedure. Rats underwent 
intensive draining schedule until stable responding 1 
(Andrews et ah, IS 94), and evaluation of the test coauvunds 
kwed. All rats were well trained and drug-ecxperienced at the «t»ni 
testing; difference, groups of performance-matched rats were use&tfr 
evaluate the different treatment conditions (N 10^42), VeJfeSde 
(physiological salimemaulgofen), Ro 60-0175/ORG (1, 8 1* 

mg/kg). or Ro 60-0332/ORG 35035 (1, 3 or 14) mg/kg) wasmjecta&£*. 
30 miu before the- start of testing. The volume administered wegn X 
nuVkg b.wx. The total responses and total rtanforcementeper sawm . 
were recorded. Data were analyzed with a one-factor AROV~J^ <frr 
independent groups,, and past-hoc comparisons were \ 
the Tukey multiple comparisons test using the Stanza i 
package (StatSoft Inc.), a P value < .01 being accepted a 

Sleep~wake behavior in rats. Sleep-wake stages i 
ated in rats using an antoxnated system that records ; 
Isoelectrics! signals arising ftum. parieto-occiprtal EECantfea] ] 
and a movement detector. Male HsdVCpb rats were aiu^hebxeA^B 
mg/kg i.p. Nembutal, supplemented as needed) and sfa&!otax£c^%r 
implanted with tww epidural screw electrodes over thengbt jtajasfc- 
occipital cortex with an epioural grounding screw cfectrode a5s 
planted over the frontal cojr*ex. Two Teflnn-coated j 
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i electrode were iroplaiited .bilaterally into the dorsal neck mus- 
culature and connected to screws fastened, to the sfcull- After conva- 
lescence for at least ,2 weeks -testing waa done in a.soundrattenuated 
box (100 X 40 X 200 Cm) with. the. electrodes connected via a swivel 
to tbe data acquisition system. Gross movements: were measured as 
capacitative: artrfects generated in an open-auded wire in the flat 
cable betw.eenTat: and swivel joinfe Six sleep-wake stages are distin- 
guished: 1) active waking characterized by movement, theta activity 
and high EMG,. 2) quiet, waking without movement; 3) quiet sleep, 
characterized byOEEG spindles, 4) deep slow-wave sleep with prom- 
inent rfeJto activity, 5) pre-REM sleep with spindles against a back- 
ground^ tketa activity and low fiMG and 60lKBM sleep. with 'theta 
activity and low JSMG. The experimental compounds were given in 
physiological saline in a volume of 5 ml/kg b.wt. Treatment was 
given immediately before the start of testing. Fluoxetine was tested 
at tbe doses 1; 2.2, 8.2, 4.6, 10 and 32 mg/kg Lp. Ro $0-0175/ORG 
85030 was tested at the doses 2.2 mg/kgi.p. and 3.2, 10 and 22 mg/kg 
p.o. Bo 6O T 0332/ORG 8B0S5 was tested at the doses l v 3-2 and 10 
mg/feg i_p. and 3.2, 10 and 32 xng/kg p.o. Treatment waa done at the 
start of the light cycle. Data for the initial 3 h after adrmnistration 
were evaluated. To reduce the variance in the analysis, percentage 
changes with respect to median values in the vehicle group were 
used. Statistical analysis was done with Student's t tests with a 
significance level set at P < .05. A washout period of 2 to 3 weeks 
between successive tests was allowed. Groups of 6 to 9 rats were used 
for each treatment condition. Additional methodological details are 
provided elsewhere (Ruigt «f a/., 1989a,hX 

Drugs 

Ro 60-01757ORG 35030 and Ro 60-0332/ORG £5035 were synthe- 
sized at P. Hofrmann-La Roche Ltd. (Basel, Switzerland? and are 
shown in figure 1. Ruoxetine tlCl was purchased from Sigma Che- 
mie (Ruche, St. Gallen, Switzerland). (±)-D0l HCJ and in-CPP di- 
hydrochloride were purchased from Research Biochemicals interna- 
tional (Natick, MA). SB200646A was synthesized at N.V. Organon- 
Ro 60-04&X/001 and S^OH-DPAT bydrocMoride were synthesized at 
F. HofJ6nann-La Roche. Ltd. The conditionB of adnniustfatioh are 
provided in tbe test descriptions. All doses were calculated for the 
salt. 

Results 

in Vitro Pharmacolpgy . 

Betfeptor binding assays. The in vitro binding results for 
5-HT receptors are shown for Ro 60-0175/ORG 35030 and Ro 
60-0332/ORG 36035 in table 2. Ro 60-0175/ORG 35030 ex- 
hibits high-affinity binding to the human S-HT-jc receptor 
(prv = 9-0) with affinity' for several Other 5-HT receptor 
subtypes (1A, IB, ID, 3, 4, 6, 7) found to be at least 3 
logarithmic units Lower; affinity to the human recep- 
tor was intermediate (pKi - 7.5). Ro 60-0332/ORG 35035 
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exhibits hi^-affinity binding to human 5-HT ^ c receptor (pBi 
= 8.5) vyitli affinity for several otner 5-HT receptor subtypes 
(iA, 3, 4, fi, 7) found to be it ieast 2 logarithmic mute lower; 
affinity to ihe huxn^>HT lDot receptor (pKj 7.4) and the 
human J&BlT'^ receptor (pE* = 7.0) was intermediate. To 
assess th^Jnnding specificity, we performed a broad evalua- 
tion of an additional 26 receptors. IC 50 yaluesforRo 60-O17S/ 
ORG 35030 were found to be >1 >iM for all of fJie non-S-HT 
receptors listed in tbble 1 except the human adreoo- 
ceptor (pIC B0 = 6.6): JC so values for R© 6*0332^035035 
were found to be >1 ViM for all the nonrSHT rettptorp Usrted 
in table 1 ckcept format dorftn^e receptor and the human 
muscarine tit* i^p»&;\to"*^&^S. ^jtarintata IC^ tj*- 
ues were «nly eligibly le^fi thaa l hML s 

Stimulation of IP* formation. Both Ro ©O^ITS/OBC 
8563P (pMCao =• 6.7, a -.1.1) and .Ro 60-p332fpRG 35035 
(pEC 50 . =6,7, a = 1.0) eshihited a concentration-related 
increase in IP S formation in rat choroid plexus Oiat achieved 
a maximrf effect eimilar to that of 5-HT rtsel£ 

Behavioral observation in rats. Bio 60-017S/ORG 35090 
(EDgo - OS mgfcgs.c.) t Ro 60-0332/&HG35035 (ED 50 = IS 
mg/kg sxL) and tbe reference 1 comjpoUrtd in-CPP CKD50 — ^ 
mg/% s.c^^duced penile etectidn ul ixjcitemte Ca» efecfctt* 
is only y«y uure^eiitly ofce^ed iik t^is test sitnatrariate 
vehicle treataent" alone). The lowest doses to fedoce penfe 
erection We 0.1 rr^kg- Ko ^17dVORG 350» rateU 
mg/kg Ro> «^3jWWORG 35035 .,(2/8 rate) and xagfk^-m 
CPP aats). A effect was achieve* fiar the^» 

former compounds at approximately 3-2 mg/kg- 1!hese reasAr 
on penile erection are iHnstrated in figure 2. 'Neither & 




Fig. 1. StructoTBs of Ro 60-017S/ORG 35030 andRo 6(M)3S2/OKG 35035. 



-r 

TMotmant dos« 

Fig. 2. Efficitatioa afpeitfla : wettiori fis rats ^h (^>»Qt B6 
ORG 35D3ffl and Bo) OM)332^0a6 35035. 
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60-0175/OJRG 35030 nor Ro 60-0332/ORG 35035 elicited head 
shakes up to the dose 10 mg/kg (the highest dose tested). In 
contrast, p-p- administration of (±>DOI failed to induce pe- 
nile erection up to 10 mg/kg s.c. but dose-dependently in- 
creased head twitches, reaching a plateau effect of about 20 
bouts (8/8 rats) at the d08e 1 mg/kg and above (ED fi0 = 0.3 
mg/kg s.c.). In a preliminary experiment.it was shown that 
pretreatroent with the o"-HT 2C receptor antagonist Ro 60- 
0491 completely blocked the elicitation of penile erection by 
Ro 60-0175/ORG 35030 and Ro 60-0332/ORG 35035 (tested 
up to 10 mg/kg s.c.) without revealing any new behavioral 
symptoms — for example, head shakes. 

Behavioral observation in squirrel monkeys. Obser- 
vation of the effects produced by high p.o. doses of fluoxetine 
or the two* experimental compounds was done in male mon- 
keys. Vehicle treatment was used to define the base-line 
behavioral pattern- Compared with vehicle, the reference 
compound fluoxetine produced some signs of sedation in 2/10 
and of retching and/or vomiting in 5/10 monkeys at 10 mg/kg; 
30 mg/kg fluoxetine produced sedation in 5710, retching 
and/or vomiting in 7/10, tremors in 2/10 and convulsions in 
1/10 monkeys. Ro 60-0175/ORG 35030 induced signs of seda- 
tion in half of the monkeys at both 10 and 30 xxxg/kg> as well 
as retching and/br vomiting in J/10 at 10 mg/kg and in only 
2/10 at 30 mg/kg. Ro 60-0332/ORG 35035 induced some pos- 
tural relaxation in 3/5 monkeys at 10 mg/kg, with signs of 
relaxation and/or sedation in 5/5 monkeys at 30 mg/kg; retch- 
ing and/or vomiting was seen in only 2/5 monkeys at 30 
mg/kg. Penile erection was not observed after any of the 
treatments in these male monkeys. 

Spontaneous motor activity in rats. We evaluated the 
effect of prior injection of the receptor antagonist Ro 

60-0491 on the hypoactivity induced by a high dose of each of 
the 5-HT 3C receptor agonists m-CPP (6 mg/kg i.p), Ro 60- 
0175/ORG 35030 (10 mg/kg i.p,) and Ro 60-0332/ORG 35035 
(10 mg/kg i.p.). The results are illustrated figure 3. When 



S-HT^c Receptor Agonists 



919 



-H18O0- 



- 1200-1 



H Vahtel* + Yohlcia 
CD Y«h!c* + Agonist 
EZ3 R« 50-0491 + V«Mtk 
R0 BO-0491 * Aftftnbt 




a 
o 



6 m 8 /k B m-CPP 10 tr\Q/k 9 Ro 60-6175 10 m 9 /k 9 ft* SO- 0332 

Dose of 5-HT2C receptor agonist (mg/kg, i.p,) 

Fig. 3. Antagonism of the hypomotility vx rats induced with m-CPP, Ro 
60-0J75/ORG 35030 and Ro BO-0332/OKG 36035. When given together 
with vehicle, each of these three S-HT TO receptor agonist© significantly 
'reduced activity vs. the vehicle plue vehicle condition. (*P < .05 for 
comparison with group treated with vehicle and the receptor 
agonist.) [Note: The solected dose of the 5-HT ac receptor antagonist Bo 
60-0491 given together -with vehicle significantly reduced activity com- 
pared to the vehicle plus vehicle condition only in the experiment with Ro 
60-0332/ORG 85035 (significance not shown tot figure).) 



given after a vehicle injection, the selected dose of each of 
these three S-HTge receptor agonists significantly reduced 
total distance (B < .05) compared' with vehicle plus vehicle 
treatment. (The selected dose of Eo 60-0491 given in combi- 
nation with vehicle somewhat reduced locomotion in these 
separate experiments, but this reduction reached statistical 
significance only in the experiment with Ro 60-0332/ORG 
35035). Of primary interest, however, was a determination of 
whether the antagonist Ro 60-0491 would attenuate the hy- 
pomotility induced by these 5-HT 2C receptor agonists. In fact, 
Ro 60-0491 significantly reversed the hypoactivity induced 
by each of these three 5-HT 2C receptor agonists (P < .05), 
although a full return to the base-line activity level was not 
obtained. 

Anticonvulsant effects in mice, Ro 60-0175/ORG 35030 
was anticonvulsant in the audiogenic seizure paradigm in 
DBA/2J mice with an ED 50 of 56 mg/kg p.o. In contrast, Ro 
60-0332/ORG 35035 protected maximally 25% of the mice 
against seizures at each of the doses 10, 32 and 100 mg/kg 
p.o. 

Elevated plus-maze task in rats. A single injection of 
fluoxetine (5 mg/kg Lp.) significantly. reduced, in comparison 
with vehicle, the number of open arms entered and the time 
spent in open arms (P = .004 and P = .006, respective^), 
which indicates an anxiogenic effect, but did not reduce the 
number of closed-arm entries or attempts; these results show 
that neither general motor activity nor risk assessment, re- 
spectively, was affected. Furthermore, the same pattern of 
effects was observed after the fifth in a series of daily, treat- 
ments. In contrast, acute treatment with Ro 60-oi?5/ORG 
35030 (1.5 mg/kg i.p.) failed to affect these same parameters 
significantly when compared with vehicle. This pattern of 
results was unchanged after repeated daily injections made 
on four successive days and followed on the final day by a test 
in the plus-maze. Ro 60-0332/ORG 35035 (7.5 mg/kg i.p.) did 
not affect the time spent in the open arms but significantly 
decreased the number of open-arm entries, closed-arm en- 
tries and attempts (P = .02, P = ,0001 and P - .02, respec- 
tively;). However, this pattern of results (especially reduced 
closed-arm entries) suggests general sensorimotor impair- 
ment rather than amdogeneBis. After the fifth in a series of 
daily treatments, none of these parameters wa£ differentially 
affected by vehicle and Ro 60-0332/ORG 35035. The detailed 
results are provided in table 3. 

Burying behavior in mice. The lowest dose of fluoxetine 
that was tested, 10 mg/kg ex., reduced burying by 55%. The 
ED 00 value for reducing burying behavior was 3.8 mg/kg s.c. 
for Ro 60-0175/ORG 35030 and 4.4 mg/kg s.c. fcrRo 60-0332/ 
ORG 35035. ' % ' 

Reduction of palatable food intake in rats. All of the 
test compounds were found to produce a statistically signif- 
icant overall reduction in palatable food intafee for the dose 
ranges evaluated (P < .05). Fluoxetine (MED = 50 mg/kg 
p.o.), m-CPP (MED ~ 0.3 mg/kg p.o.), Ro 60^0175/ORG 35030 
(MED = 10 mg/kg p.o.) and Ro 60-0332/ORG 35035 (MED ^ 
30 mg/kg p,o.) significantly reduced consumption CP < .01) in 
nondeprived rats during the 30-min session. At tfeese MED 
values, the reduction in palatable food intake fer these com- 
pounds was approximately 40%, except for m-CPP, where 0.3 
mg/kg reduced intake by only 19% (but at 1 mgfeg, intake 
was reduced by 45%). These data are shown in figure 4. 
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Sttf of oquiefl^tive doses of fluoxstiae, Ro 60-0175/ORG 35030 and Bo 60-033?/ORG 35 
rate . . - ■ • • '- M 



on behavioral parameters in a plug-maze task in 



Rrw Treatment kyecHoa 



Treatment (i.p.) 



Tiucoe <a) Speafc 
in Open Arms 



Attempts 



Vehicle 

Fluoxetine- ■ 

Ro 60-0176 (ORG 35030) 

Ro 60^0832 (ORG 36036) 



31.6 2 5-9 
5.5 £ 2.1** 
33-4 ± 9A 
20.3 i 7.0 . 



3.3 ± 0 6 
0.8 0.2** 
3.7 ± 0.9 

1.4 ± 0.5* 



»J6 ± 0.6 
7J5±1.0 

4J4 £ 1.1*** 



6.2 ±0.5 
5.6 ^ 0.7 
4-9 2: 0-6 
3.8 * 0-8* 



Final Treatment Infection 



Treatment (i.p.) 



tune (a) Spent 
in Open Anns 



Arms 



Vehicle 
Fluoxetine 

Ro 60-0175 (ORG 350S0) 
Ro 6<M>332 (ORG 35036) 



18.3 £ 6.9 
1.1 ± 0.7* 

16.8 2: 6.3 ' 
8-0 ± 5.1 



1.7 ± 0.6 
Q.3 £ 0.2* 
1.B ± §.6 . 

6.7 ±6:4 



Closed Anns 

6.3 ± 1.8 
7.5 ± 1-3 

2: 1.8 

4.4 £ 1.0 



AttenjEpcs 



4.6 d= 11 
4.9 * O-S 
4.p 

3^3i©-8 



* F ^ .05; ** P < .01; < .001 ft* comport with v*b*il© conditio: 




£.0- 



Piar 4. Reduction of palatable food intake in. rats by fluoxetine, in>CFP, 
£Voi75/ORG 35030and Ko 60-0332/ORG65035. C* F < -05 *br com- 
parison with vehicle controls.). 

Reversal of schedule-induced polydipsia task bx 
**ts. All of the test compounds Were found to produce a 
statistically significant overall reduction in both scbedule- 
induced drinMng and control clrinKing & e., mider tbe non- 
strees condition) across the dose ranges evaluated (P^< .05), 
Fluoxetine significantly reduced schedule-induced polydipsia 
at the high dose of 60 mgflss p.ol, whereas contrxA water 
intake assessed in the same apparatus was* already J»g™fr 
cantly reduced at 30 tag/kg p.o. In contrast, Bo 60-OI75/OR(* 
35030 significantly reduced schedule-induced polydipsia be- 
ginning at 1 m#kg p-o., a reduction in control water intake 
first being observed at 10 mg/kg. Ro 60-0332/ORG 36035 
significantly decreased both schedule-induced polydipsia and 
control water intake at 10 mg/kg. These results axe shown in 

figure 5. ___ 

A subsequent experiment was done using the 5-HT 2C /2b 
receptor antagonist SB 200646A: In combination with a ve- 
hicle pretreatment, the selected dose of Ro 60-0175/ORG 
35030 (10 mg/kgp.o.) and that of Ro 60-0332/ORG 35035 (20 
mg/kg p.o.) significantly reduced schedule-induced polydipsia 
in compariBon with a vehicle plus vehicle condition (P < .01). 
Pretreatment with SB 200646A (30 mg/kg i.p.) sigofficantly 
reduced the schedule-induced polydipsia produced by either 
of these 5-HTsc receptor agonists (P < .01) compared with 




V«h 10 3Q 60' 



iri* A AmeKiwAtion of ©cJb^aWe^diK^ polydipsia rats by fcnetine^ 

mSS^3»T«MW &0RG 35036. <« 
cotipp&xisoa wiili controls..) 

pretreatment with vehade. These results ate ahwvmi-ngurts 
6 

Reduction of coitt^dtelve behavior in moofca^ c °™^ 
pulsive whole-body sciafcbing bouta are mduced «*urrea 
monkeys by 8-OHPPAT, and tbe effect can be fid$^erse* 
by subsequent treatment with &-HT 2C rcteptor agoaaafcTlure 
provides a robust pfeBtmaCOdyhanjic model »V/^^- 
8-OH-DPAT produced multiple scratching bouts t^raBgkat^ 
tbe 2-h observation period when it was given afi^vehicfc 
(mean ± SJE- <c 86.2 * 11.4). Cotopared with vefa^fluaafr 
etine reduced scratching only beginning *fc 10 m^^abo-A 
26* reduction), with 3» mg/kg (the highest dose 
dudng an only soroewferi: greater effect (37% re«rfa«tenj. *n 
contrast, both Ro 60-O175/ORG 35030 <W» - <M**»*£ **™ 
Bo 60-0332/ORG 3503S (ID 50 = 1-1 mgfcg) potec^«du«stt 
scrirtchmg, achieving a fell reversal at fee dose **K?*& 
These results axe Uhisstaated in figure 7- bi agpgs^»n,^g 
nonselectiv* S-HT ac neeeptot agonist >*CEP ^*^°?»> 
value of 0.3 mg/kg P j»l in this test paefig» (^ateBot «b- 
dnded in fig. 7). In th» ebronic experhae^, *e^^ Mn P™" 
sive effect of l mgA« P-o- Bo 60-017S^G35g»and ^ 
mg/kg p.o. nuoxetuiE -*ere of approxnaately ffies-HJii. magg- 
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VOflCL£. 



VEHICLE 
KO 60-0175 



SB 200S46A 
RO 60^0175 



|12- 



□ 
• 4- 



VEHICU 

vemIoe 





VEHICLf 
+ 

RO 60-0352 



Sfi 2006A6A 
RO 60-0352 



Rg. ft. Fretreatinent with o-HT^c^ receptor antagonist SB 200646A. 
decreases the ameliorative eifect of Ro 60-0175/ORG 35030 and Ro 60- 
03S2/ORG 35035 in schedule-induced polydipsia paradigm. (** P < -01 
for comparison with vehicle controls.) 



Reversal of passiv avoidance deficit in olfactory- 
bulbcctomized rats. Compared with sham-operated control 
rata receiving vehicle, the rats with verified bilateral olfac- 
tory bulbectomfes given vehicle required significantly more 
trials to reach the learning criterion in a passive avoidance 
task CP < .05). Treatment with Ro 60-0332/ORG 35035 (5 
mg/kg s.c.) in bulb ectomi zed rats significantly reduced the 
number of trials to acquisition compared with vehicle (P < 
.05). These results are shown ixx figure 8- The step-down 
latency on the first trial (before any shock exposure) was 
comparable in the sham-operated, vehicle-treated group 
(10.9 ± 2.6 s) and the bulbectonuzed group receiving JRo 
60-0332/ORG 35035 (9.4 z 1.2 s), whereas that of the bul- 
bectonaized, vehicle-treated group was lower (4.6 ± 0,6 sec). 

Responding in DRL-72 s task in rats. Both Ko 60-01767 
ORG 35030 and Ro 60-0332/ORG 35035 significantly de- 
creased the rate of lever pressing only at 10 mg/kg ip. CP .<: 
.01) with no accompanying signs of observable sedation. 
However, at the highest dose that failed to reduce total 
number of responses in a session (3 mg/kg Lp.), Ro 604)175/ 
ORG 35030 significantly increased the number of rednfbrce- 
ment* obtained during the session (2.6-fold vehicle base line; 
P < J01) 7 and Ro 60-0332/ORG 35035 nonsignificant^* inr- 
cr eased this parameter (1.7-fold vehicle base line). g 

Sleep- wake pattern in rats. It has previously been 
shown that in the EE O defined rat sleep-wake pattern, an 
increase in duration of the quiet-waking component, accorxt- 
panied by a decrease in the REM component, was topical for 
the general class of antidepressants (Ruigt et oZ., 1993). Fit*- 
o^eturae was found to increase quiet waMn^ appreciahry an<l 
to deawease REM sleep at 10 and 32 mg/kg i.p. Ro ©0-0175/ 
ORG 35030 produced a similar pattern of efSecte at 2L2 mg/kgf 
i.p. W at 10 and 22 mg/kg p-O- Ro 60-0332/ORG 35035 
showed this typical antidepressant profile at 3.2 and 1® 
mg/kgip. and at 32 mg/kg p-0- These results are summarizedl 
in table 4. 



9 

"§120- 

3 
C 

e 



a 6<J. 



30- 




10 



—I — 
30 



Treatment (mg/kg, p«o») 



Fig. 7. Reduction of 8-OH-tflPAT-induced scratching in squirrel x»oxJbeyB 
with fluoxetme, Ro 6O-0175/ORG 35030 and Ro 60-0332/ORG 3503S (in 
these groups, SX. values were typically about 20-35% of the mean). 
After vehicle treatment, 8-OH-DPAT induced a mean (± S_EJ of 8G.2 £ 
11.4 scratching boats during the 2-h observation period.' 



nitude, with a significant difference from vehicle treatment 
CP < .05), There was no difference observed between the first 
and the final day for either of these treatments, which indi- 
cates that tolerance had not developed. 



Discussion 

SeaOTtonin neurotransmission plays an import an* *ate 
numeirouB physiological processes both in health arasl Btpsy=- 
chiatoc disorders- Determination of the functions of fithemuBr- 



6*1 



Stum operaUd 
£23 BufbectomTzBd 




Vetifcle 



Treatment 



Fig- Amelioration of passive avoidamcc deficit imx J&etorsv J 
mizeblOTte? with Ko 60-0332/ORG 3503&. (* P < .05 fwcompOTWwihm 
vohicib4xeate& olfactory bdbectoanzed rats.) 
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TABLE. 4 

Phflimaco-EEG evaluation in free-moving rata, (th& results are ahown 
percentage of bttt-hjx* dwatioa) 



Compound 


Dose (mg/kg) 
and Route 
CM 


Quiet 
Waking 


REM 


Fluoxetiiie 


li.p. 


(8) 


2 


-46 


2.2 i.p. 


(8) 


■ . -17 


6 




• 3.2 Lp. 


(6) 


-8 


-87 




4.6 i.p. 


(9) 


-4 


-61 




10 i.p. 


(8) 


55 


~ioo- 




32 lp. 


(7) 


126* 


-81* 


Ko 60-0175 (ORG 35030) 


ZJ2 i: P . 


(7) 


94* 


-81 




3.2 p.o. 


(8) 


6 


-61 




10 p.o. 


(8) 


63 


-100" 




22 p.o. 


(7) 


36* 


-100* " 


Bo 60-0332 (ORG 85035) 


1 i.p. 


(8) 


19 


-8 




ZX i-P- 


(7) 


84* 


-47* 




10 i.p. 


(7) 


370* 






3.2 p.o- 


O) 


30 


" -64 




10 p.o. 


(8) 


■ 76 


43 




32 p.o. 


(5) 


122* 


-65* 



Note: * P < \06 for oompwrisoo. witb v^jfcicte coofcrd. 



tiple 5-HT receptor subtypes identified in recent years has 
been dependent on the availability of selective agonists and 
antagonists. The present study focused on investigating the 
putative involvement of 5-HT 2C agonism in psychiatric dis- 
orders by .testing the 5-HT receptor agonists Ro 60-0175/ORG 
35030 and.Rb 60-0332/ORG 35035 in animal models of com- 
pulsive behavior, depr^sion and an^ 

A broad evaluation of receptor biding affinity was carried 
out for 35 different receptors* It was demonstrated that bo* 
Ro 60-0175/ORG 35030 and Ro 60-0332/ORG 35035 exhib- 
ited high affinity for the human 5-HT zC receptor (pX =9.0 
and 8.5, respectively) and considerably lower affinity for the 
human 5-HT^ receptor (pK* = 7.5 and 7,0, respectively^ 
Amhity of these two compounds for numerous other selected 
receptors was at least 2 to 3 logarithmic unite weaker than 
for the 5-HT 2C receptor. Both of these experimental com- 
pounds produced a concentration-dependent stimulation of 
IPg formation in rat choroid plexus in vitro in a manna: 
similar to 5-HT itself, an effect that demonstrates their 
S-rfTac receptor agonism. In an experhnent using NIH 3T3 
cells expressing either h5-HT zc or ho^HT^ receptors, EC W 
values for stimulation of IP a formation were also determined: 
Ro 60-0175/ORG 35030 (2C: 287 nM; 2A; 671 nM) 7 Ro 6»- 
0332/ORG 35035 (2C; 315 nM; 2A: U96 nM) and.referenflae 
compound m-CFP (2C: 357 nM; 2Ai 1384 nM). Under this $*± 
of test conditions, selectivity for h5-HT 2C vs.. hS-HT^ recep- 
tors was about 2- to 5-fold (unpublished data). Both experi- 
mental compounds elicited penile erection in rats, a behav- 
ioral sign of the serotonin syndrome in rodents, which is 
indicative of a 5-HT 2C agonistic profile (BerendBen et aL, 
1990; Millan et al, 1997); the virtual absence, of concoraita^at 
head shakes is a; clear indication of the absence. % of any ap- 
preciable 5-OTfcA receptor agonism in the -in viwsrtuation <*t 
is interesting to note that SSRIs also elicit: penile erections in 
rats; see Berendsen, 1995): 

Results from the isolated rat fundus strip assay indicate 
that Ro.60-0175/ORG 35030 (pD 3 7.8, 8.0; with' a maximal 
response of only 70% of that obtained with 5-CT) and JBCo 
60-0332/ORG 35035 (pD ? = 6.1) act as agonists at the 
receptor (unpublished data). These results, together widii 
data on the potencies of these two compounds for stimulating 
IP a formation in vitro in tissue and NIH. 3T3 cells, suggest 
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that there may be at most only minimal selectivity for 
5-HT 2C V9. 5-HT 2 b receptors. Little is currently known about 
the function of 5*HT 2B receptors, in part because of the lack 
of highly selective Hgands. It has been reported that this 
receptor is found hi the Gi tract, the heart and possibly the 
brain (Baxter et at, 1995; Duxon et al., 1995; Loric et a/., 
1992), as well as in the meninges (Schmuck et, al,, 1996). It 
has been reported that the preferential S-HT^ agonist 
BW723C86 exhibits both anxiolytic and hyperphagic effects 
in rats (Amsworth et al, 1996; Kennett et al., 1996). A* th& 
present time, however, it is difficult to define the possible 
contribution of 5-HTgB receptor agQhism to the pharmacolog- 
ical profile's of Ro 60-0175/ORG 35030 and Bo 60-0332rfOBG 
35035; this should receive attention in further studies- 

Ro 60-0175/ORG 35030 and Ro 60-0332/ORG 35035 were 
well tolerated in Squirrel monkeys, signs o£ sedation, lieing 
the moBt commonly observed side effect at high doses- Tests 
with a number of structurally different 5-HT-ac receptow ago- 
nists, including these two compounds, consistently produced 
penile erection in rats but not in squirrel monkeys. Irx addi- 
tion, these two compounds were shown to be weakly antfSeoo- 
vulsant in mice, which, in view of the high doses requinaed^ is 
probably not related to their 5-HT 3C receptor agonisiifr- By- 
pc^otihty induced in rats by a high dose of either ofihsse 
two compoiCuids was significantly attenuated by pr^reat- 
ment with the 5-rlT 2 p receptor antagonist l£b : 6<W)491. Jkxifce 
elevated pli^S&ze .foBkin rats, Ro 60-O1758OBG 3503© and 
Ro 60-0332/ORfe 35<fe5 failed to exhibit either an anxi^gmic 
effect or ah anxiolytic effect (whereas fiuasetifte was ^nxto- 
genic). 

In the burying test in mice, Ro 60-017&7OKO 35030 emdRo 
60-0332/ORG 35035 were effective in agnxficautly reaming 
thi3 compulsive burying of novel objects. Simltedy, ex*acra*e 
consumption of palatable food by nondepiwcd rats wses sig- 
nificantly decreased by these two compounds, as prerc^oi^y 
reported for nonselective 5-HT ac receptor s^oskts in terfa-of 
food consumption (Kennett, 1993). Howecec, tfefe may- s^ie- 
sent an anorectic effect rather than atteu^afect of cx^sngnl- 
Bive responding per se. Schedule-induced ^Jjmpsia jx& tote 
has been proposed, on the basis of pbarn*ac*gical ^Ha- 
ticra, as an aaimel model of OCD (Wood *X 198BgXEb 
60-0175/ORG 35030 and Ro 60-0332«>K)C 35035 fflSpriS- 
cantly. attenuated excessive drinking ia flria lask, a_ oraft 
that suggests their possible therapeutic vwfo^m OGsSS fe- 
oxetine was less potent and exhibited aweakr efiecCfc ^to 
the mghest tolerated dose). The amehoiatiwe wtivity <*<£Mh 
compounds could be - reversed by prefenesactHmt wx^h me 
5-HT 3cy?B receptor antagonist SB 200646A- flawever^ :^»feis 
same experimental paradigm the prefettafcfed^Ta^^mp- 
tor antagonist ketanserin tartrate (30mgfegi£.) vra^m^ 
fective in reversing the ameliorative e^ct«f«ther off&se 
two compounds (unpublished data), fir sgxx&el ro^Bfe^s, 
8^0H-DPAT injection ehcits excessive ^csfe*^ scva±A&^ 
that lasts for several hours. PretreatnwA^fc Ro. Q^fiSS/ 
ORG 35030 and Ro 60-0332/ORG 350BS gailw% sooadfifly 
prevented this excessive behavior, whi^. of tftw^ft w 
affinity for the 5-HT^ receptor, is proW^ teto &&3l*S&- 
itory interaction with 5-HT 2C receptas <Sgte»dseffa/>rf*^ 
1990; Jenck al., 1994). Furthermore. fSasB was wo Fr- 
ance to this pharmacological effect ov» tie ^wek trrsff^nt 
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period with either Ro 60-0175/ORG 35030 or fluoxetine/ln- 
terestingly, fluoxetine (which, along With other SSRRs, is 
approved for the therapy of OCD) was effective in attend 
wig excessive behavior in these diverse aniniaJ tests. How- 
ever, either the potency of fluoxetine war lower than that of 
Ro 60-0175/ORG 35030 and Ro 60-0332/ORG 35035 or the 
effect size was smaller for fluoxetine (or both). 

Antidepressants have been demonstrated to ameliorate the 
impairment in passive avoidance learning induced by olfac- 
tory bulbectomy in rats (Broekkamp ef a L, 1980). In the 
present investigation, Ro 60-0332/ORG 35035 also signifi- 
cantly reduced the deficit in bulbectpmized rats. In addition, 
Ro 60-0175/ORG 35030 significantly, and Ro 60^0332/ORG 
35035 nonsignificantly, increased the total number of rein- 
forcements obtained by rats in the DRI^72 a task, an effect 
that is suggestive of possible antidepressant activity 
(CDonnell and Seiden, 1983): As further evidence of possible 
therapeutic potential of 5-HT ac receptor agonists in depres- 
sion, it was shown that in a pharmaco-EEG paradigm in 
free-moving rats, treatment with fluoxetine, Ro 60-0175/ 
ORG 35030 and Ro 60-0332/ORG 35035 appreciably ir*- 
Creased the quiet-waking component and decreased REM 
Sleep, an EEG profile typical of antidepressants (Kupfer et 
at., 1981). Such results are consistent with these compounds' 
effectiveness in ameliorating mild stress-induced anhedonia 
in rats (Moreau et aL, 1996). 

In conclusion, using the 5-HT 2C receptor agonists Ro 60- 
0175/ORG 35030 and Ro 60-0332/ORG 35035 as research 
tools, it was possible to demonstrate both their excellent 
tolerabiHty and their therapeutic potential for OCD and de- 
pression. Recently reported evidence for the effectiveness of 
both of these compounds in preventing and in curing mild 
stress-induced anhedonia and attenuating experimentally 
induced panic in rats further substantiates the therapeutic 
potential of 5-HT 2C receptor agonists in psychiatry CJenck et 
aL, in press; Moreau et aL, 1996). 
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Novel Agonists of 5HT 2 c Receptors. Synthesis and Biological Evaluation of 
Substituted 2-(IndoM-yl)-l-methylethylamittes and 

2.(Indeno[l,2-6]pyrrol-l-yl)-lrxiiethylethylainines. Improved Therapeutics for 
Obsessive Compulsive Disorder* 
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Ulrich Widmer 
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The syntheses of a series of substituted 2-(indol-l-yl)-l-methylethylaiuuies and 2-(inde»o[l > 2- 
6]pyrrol-l-yl)-l-methylethylamines are reported. The binding affinities of the compounds at 
5HT 2 c and SHTza receptors (79% homology in the transmembrane domain) were determined. 
The ligands displayed selectivity for SBTtc receptors relative to SHT^ receptors. Compounds 
were functionally characterized both in vitro and in vivo as 5HT 2 c receptor agonists, 5f, 51, 
5n, 5o, 5q, 14c, 14f, 14k, and 14m exhibited anticompulsive activity in an animal model of 
obsessive compulsive disorder. 



Introduction 

Selective serotonin reuptake inhibitors (SSTUs) in- 
crease extracellular levels of serotonin (5HT) and thereby 
nonselective^ cause stimulation of all postsynaptic 5HT 
receptor subtypes. SSRIs have become standard therapy - 
for neuropsychiatric disorders such as obsessive com- 
pulsive disorder (OCD) 7 depression, and panic anxiety. 
There is accumulating evidence for the involvement of 
5HT2C receptor-mediated functions in the therapeutic 
efficacy of SSRIs. 1 ' 2 The increased 5HT synaptic content 
resulting from the reuptake inhibition also allows 5HT 
to act on the other 5HT receptor subtypes, possibly 
explaining some of the side effects associated with SSKI 
treatment. Selective 5HT2C receptor agonists, therefore, 
may represent a direct means to produce the beneficial 
therapeutic effects of SSBIs without concomitant aide 
effects. 

Our goal was to find 6HT2C receptor agonists which 
(i) display at least 10-fold selectivity versus the 5HT 2A 
receptor subtype, for which sequence homology of the 
transmembrane region is high, (ii) show in vivo activity 
after oral adrninistration in functional models of SHTsc 
receptor activation, and (iii) demonstrate therapeutic 
potential in an animal model of obsessive compulsive 
disorder. 

Glennon et al. have shown that iV^V-dimethyliso- 
tryptamines, i.e. derivatives of A^AT~dimethyl-2-Gndoi- 
l-yl)ethylarnines are isosteric with the corresponding 
iV^-d^ethyltryptarnines with respect to serotonin 
receptor af&nity. 3 Such compounds are readily available 
via N-alkylation. We therefore screened isotryptamines 
for SHTgc receptor affinity and extended our study to 
the methylene homologues l,4-dihydVoindeno[l,2-dlpyr* 
roles. 

In this paper we report on the synthesis and the 
pharmacology of indoles and 1,4-dihydroindeno [1,2-6]- 
pyrroles in which a 2-aminopropyl side chain is attached 
to the N atom of the heterocycle. In analogy to phenyl- 
all^lamines, the a-roethy) group was incorporated in 



Scheme 1° 



r Dedicated to Prof. Dr. Dieter Seebach on the occasion of his 60th 
birthday. 

0 Abstract published in Advance ACS Abstracts, July 15, 1997. 



2:X*OH 
3:X- OM3 
*:X= N 3 
5:X = NH2 

« (a) Propylene oxide, NaH, THF; (b) JMteCl, NEt*, CH2CI2; <<0 
NaNa, DMF; (d) PtOa, Hs, EtOH- 

order to suppress metabolic side chain deamination and 
to increase the hpophilicity of the compounds, allowing 
better CNS penetration. 4 Within these series of com- 
pounds we have identified agonists to the 5HT2C recep- 
tor binding with high affinity and selectivity versus the 
5HT3A receptor. Some of these new ligands were 
evaluated in rats in the schedule-induced polydipsia 
paradigm, an animal model of obsessive compulsive 
disorder. 5 As a comparison we have included 5-fluoro- 
a-tryptamine (15) 6 and fluoxetine in our study. 

Chemistry 

Substituted 2^dol-l-yl)-l-methylethylamines 6 were 
prepared according to Scheme 1. Deprotonation of 
indoles 1 followed by alkylation with propylene oxide 
led to the secondary alcohols 2: Sn2 reaction of the 
corresponding mesylates 3 with sodium azide and 
reduction of the azides 4 with either hydrogen or LLAIH4 
produced the amines 5 with excellent yields. The 
enantiomerically pure compounds 5k-q were prepared 
from the CR)- or (S)-epoxide with inversion of configu- 
ration at the stereogenic center. The monosubstituted 
Indoles are commercially available. 

The dihalogenated building blocks can be prepared 
from the corresponding dihalogenated nitrotoluenes as 
described in the patent literature. 7 For the synthesis 
of 5-chloro-6<fluoroindole Ik we have adopted a protocol 
developed by Wender and White 6 (Scheme 2). 2-Bromo- 
4-chloro-3-fluorophenylamine (6)* was acylated with 
trifluoroacetic anhydride to give 7. Upon treatment 
with methylb'thium and te^butyllithium, a dibthium 
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* (a) (CFgCOaO, Na 2 CO s . diethyl etiier; (b) MeJJ, f-BuIi, -100 
"C, chloroacetaldehyde, THF; (c)p-TsA, toluene; (d) NaOH, MeOH. 

Scheme 3 a 




12:X = OM 
13: X= N3 
14:X = NH 2 

0 (a) 3-Buten-Z-ol^ p-TfiA, 2,2-dimethoxypropaiie; (h) ozone, 
CHaCla-MeOH; (c) TFA, CH 2 Cl£ (d) l-ainino-2-propanol, p-TsA, 
toluene; (e) MsCl, NEl*, CH2CI2; (f) NaN 3 > DMF; (g) PtOa, Hi, 
EtOH- 

reagent was formed which underwent cyclization with 
ehloroacetaldehyde 10 to the hydroayajnoride 8. Dehydra- 
tion followed by hydrolysis gave lk ira nine steps and 
an overall yield of 15%. 

The preparation of the substituted l,4^dihydroindeno- 
[1,2-6] pyrroles is shown in Scheme 3. Alkylation of the 
indan-l-ones 0 was performed by Claisen rearrange- 
ment of an in situ formed allyl vinyl ether system. 
Ozonolysis of 10 and subsequent cleavage of the acetal 
with TFA led to the 1,4-dicarbonyl compounds li, which 
were then reacted with commercially available 1-amino- 
2-propanol [(S), (£), (JIS)} to yield the l,4~dihydr<>indeno- 
[1,2-olpyrroles 12, The secondary alcohols were trans- 
formed into the amines 14 via the azides 13 as described 
for the synthesis of the indole derivatives 5. 

Pharmacology 

The affinity of the compounds for 5HT 3C and 5HT2A 
human receptors was assessed using displacement of 
PB]5HT and pHJDOB, respectively. To assess func- 
tional efficacy at 5HT2C receptors, the ligands were 
evaluated for stimulation of phosphoinositol turnover 
in the choroid plexus of the rat. The compounds were 
also assessed for induction of penile erection in rats 
which is a symptom of the serotonin syndrome reflecting 
5HT2C receptor activation in rodents. 1 * Finally, com- 
pounds which displayed interesting in vivo activity were 
further tested in the schedule-induced polydipsia model 
of OCD in rats for potential anticompulsive effects. 5 
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Table l. Substituents, Binding Afnnitjee (jxK) for 5HT*a and 
5HT2C Receptors, Efficacy CpECso and Intrinsic Activity) in 
Inducing LPa Fon^ation in Vitro, and Selectivity Ratio 
5HT 2 c:5HT2a for 5, 14, and 15 



IPs formation 



compd 



&b(R,S) 
5c(R,S) 

SetR.S) 

5htff,S) 
5iCK,S) 

5k(J?) 

51(5) 

5m.CR) 

5n(S) 

5o(£) 

5p(H) 

5q(S) 

14aCttS) 

14M#S) 

14cOZS) 

144C&S) 

14e<#) 

14fCS) 

14g(S) 

14h(S) 

14i(S) 

14i(S) 

l4k(S) 

141(S) 

l4mCS) 

1*WS) 



5-OMe 
4-OJMe 
4-Me 

4- F 

5- Me 

6- F 
5-CI 

5- Br 

6- Me 
6-F 

5-F.6-CI 
W,6-C1 
5-F,6-F 
5~F,6*F 

5- Cl,6-F 
4-Cl,5-F 
4-C1.5-F 

6- OMb 

6- OMe 

7- OMe 

8- OMe 
7-OMe 
7-OMe 
7-F 
7-C1 
7-Br 
7-Me 
4,4-Me, 

7-Me 
4,4-Me, 

7-F 
4,4-Me, 

7-OMe 





intrinsic 




5HT 2A 5HT2C pECso activity 


ratio 


not tested 6.1 ±0.03 5.0 


0.3 




not tested 6.9 ±0.08 4.9 


0.3 




7.0 ±0.01 8.2 ± 0.08 5.6 


0.6 


1 a 
10 


6.8 ± 0.06 8.1 ± 0.03 5.9 


0.7 




6.1 ± 0.01 7.2 db 0-03 5.6 


0.9 


1Z.0 


6.8 ± 0.02 8.2 ± 0.13 5.8 


1 


Ad 


6 J ± 0.04 8.1 ± 0.01 5.7 


0.9 


25 


6.8 ± 0.06 8.4 ± 0.07 5.7 


0.8 


40 


6 1 ± 0 01 7 8 ± 0 06 51 


0.9 


50 


6.6 ± 0.05 8.4 ± 0.12 0.2 


1 


63 


7.1 db 0.02 8.0 ± 0.04 5.5 


1 


8 


7.5 4: 0.04 8.9 ± 0.08 6.7 , 


1 


25 


7.0 ± 0.03 8.4 ± 0.02 6.9 


1 


25 


7.0 ± 0.02 9.0 ± 0.04 6.7 


1 


100 


7.4 ± 0.02 8.7 ± 0.04 6.4 


1 


20 


8.0 ± 0.03 8.9 ± 0.02 6.1 


0.9 


8 


7*4 db 0.03 8.9 ±0.11 6.6 


1 


S2 


6.6 ± 0.06 7.0 ± 0.01 inact 




32 


6.4 ± 0.02 7.9 ± 0.04 5.7 


1 


32 


6.9 ± 0 06 9 0 ± 0 23 6-4 


X 


125 


6.4 ± 0.03 7.9 ± 0,08 5.2 


0.7 


32 


6.9 ± 0.06 8.4 ± 0.04 5.1 


0.8 


32 


6.9 ± 0.01 9.0 ± 0.2 6.6 


1 


125 


6.7 ±0.04 8.5 ±0.05 6.2 


1 


63 


6.7 ± 0.09 8.4 ± 0.02 5.6 


0.8 


50 


7.0 ± 0.08 8.4 ± 0.09 5.6 


1 


25 


7.2 ±0.1 8.1 ±0.08 6.a 


1 


8 


7.0 ±0-04 8.5 ±0-17 6.7 


1 


32 


7.5 ±0.01 8.3 ±0.09 6.7 


1 


6 


8-0 ± 0 03 9:4 ± 0.1 7.0 


1 


25 


7.2 ± 0.02 8.2 ± 0.02 6.8 


0.9 


10 



Table 2. ED50 (rag/kg) for Inducing Penile Erection in Rata 
after sc or po Administration for 5, 14, and 15 



5a 


>10sc 


14a 


>10sc 


5b 


>10 BC 


14b 


>10 sc 


5c 


3.2 sc, >30po 


14c 


0.6 sc, 11 po . 


5d 


>10 sc 


14d 


>10 sc 


5e 


. >10sc 


14e 


2 ec, >30 po 


5f 


1 sc, 2.7 po 


14f 


1.2 sc, 10 po 


5g 


2.3 sc, >30 po 


14g 


1.5 ac, >30po • 


5h 


4 sc, >30 po 


14h 


2.7 sc, >S0 po 


5i 


3.3 sc, >30 po 


14i 


>10sc 


5j 


0.3 sc, >30 po 


I4i 


>10 sc 


5k 


2.1 sc, >30 po 


14k 


0.9 sc, 10 po 


51 


0.5 sc, 5.6 pa 


141 


2.7 sc, >30po 


5m 


. 2.7ec, 30po 


14m 


0.5 bc, 10 po 


5n 


0*3 sc, 10 po 


15 


0.8 sc, 9.9 po 


5o 


1 sc, 15 po 






5p 


3.3 sc, inact po 






5q 


2.7 sc, >30po 







Results 

The radioligand binding experiments (Table 1) showed 
higher afrjnity of the indoles 5 and the indeno[l,2-o]- 
pyrroles 14 for 5HT 2 c binding sites than for the struc- 
turally (79% homology between the transmembrane 
regions) very similar 5HT2A receptor. Compounds with 
halogen substituents in position 4, 5, and 6 of the indole 
ring possess higher affinities for this receptor subtype 
as compared to derivatives bearing electron-donating 
substituents such as methoxy and methyl groups. The 
dihalogenated indoles showed the highest SHT^c recep- 
tor affinities. The (S)-enantiomers display higher af- 
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Table S. Activity in Schedule-Induced Polydipsia Model in 
flats 



■ 


5-HT 


• 


5n 




14 m 


O 


15 



100 1000 ioooo 100000 

Concentration Agonist (nM) 

Figure 1. Effects of 5HT, 5n, 14m» and 15 on IPa formation 
in the rat choroid plexus. Results are expressed as percentage 
of the stimulation in IPa formation produced by 10 mM. 5HT. 

finifcy and selectivity for the 5HT2C receptor as compared 
to their antipodes. Selectivity ratios of 20-100 were 
found for the (S)-configured isomers (e.g. 51 and 5n). 

In the series of the indeno[l>2-&]pyrroles 14, the 
optimal position for aromatic substitution turned out 
to be position "7. In contrast to the. indoles, methoxy- 
substituted mdenc[l,2-&]pyrroles (e.g. 14f and 14m) 
show increased affinities in comparison to the haloge- 
nated compounds and for the (S)-configured isomers 
selectivity ratios of up to 125 were observed. 

For the study it was of interest to compare one of the 
potent and selective ligands with the structural isomer. 
The fluorinated tryptamine derivative 15 displays simi- 
lar affinity for the 5HT2C receptor as the isomer 5j, but 
with reduced selectivity relative to the 5HTjza receptor. 



15 



The effect of the SHT^c receptor ligands in stimulating 
phosphoinositol formation (cf. IP3 formation, pECso> 
mtrinsic activity, Table 1) was studied in rat choroid 
plexus. Compounds 5a-d, 14a, and 14d induced only 
a submaximal increase whereas the maximum re- 
sponses of the other derivatives 5e— q, 14b, 14c, 14e— 
m, and 15 were the same as that produced by 5HT (10~ 6 
M t intrinsic activity = 1), suggesting that these ligands 
are full agonists at the 5HT2C receptor (cf. 5n ? 14m, and 
15, Figure 1). In vivo results, i.e. induction of penile 
erections, are presented in Table 2 (although not shown 
here, the reference compound fluoxetine was found to 
induce penile erection with ED50 = 4.3 mg/kg sc). 

SSEIs such as fluoxetine are currently in use for the 
treatment of OCD. These drugs, however, exhibit a 
delayed onset of action and less than optimal therapeu- 
tic efficacy. Schedule-induced polydipsia in rats has 
been proposed as a model of OCD- 6 In this model, food- 
deprived rats which receive intermittently delivered 
food pellets on a fixed-time schedule typically develop 
a pattern of excessive drinking, i.e. polydipsia. This 
paradigm has been pharmacologically validated as a 
model of OCD. Experimental compounds are tested in 
this model for their ability to attenuate polydipsic 
behavior, i.e. for their potential anti-OCD effects. The 













max. 




min 


suppression 






suppression 


compd 


ED 


(%) 


compd 


ED 


(%) 


5f 


3ip 


-97 


14c 


10 ip 


-79 


51 


10 ip 


-90 


14f 


HP 


• -97 


5n 


3ip 


-78 


14k 


10 ip 


-76 


5o 


3 ip 


-88 


14m 


lip 


-75 


5q 


3ip 


-97 


fluoxetine 


30 ip 


-11 


IB 


1 ip 


-96 







selected 5HT 2 c receptor agonists evaluated in . the 
schedule-induced polydipsia model all significantly re- 
duced the excessive drinking with MED values (mamm al 
effective dose; i.e. the lowest dose tested which was 
found to statistically significantly reduce water intake 
relative to vehicle treatanent) within the dose range 
1-30 mg/kg (ip) with doses selected at half-logarithmic 
units (cf. Table 3). The magnitude of the suppression 
of polydipsia was compared among all of these com- 
pounds for the doses up to 10 mg/kg and was found to 
be 75% or more. In comparison, fluoxetine was much 
less potent, first achieving a statistically significant 
reduction in water intake of only 11% at 30 mg/kg ip 
(with no appreciable effect at doses up to 10 mg/kg ip). 

Conclusions 

Compounds were identified which exhibited bigh- 
afHnity binding to human SHT^c receptors with selec- 
tivity, versus 5HT2A receptors. Such compounds were 
characterized in vitro and in vivo as 5HT2C agonists. 
Two of these compounds underwent a broad binding 
evaluation: 51 and 14k exhibited affinity, for several . 
other 5HT receptor subtypes (1A, 3, 4, 6, 7) which was 
at least 2 logarithmic unite lower than for 5HT2C 
receptors and had ICgo ^ 1 **ni for 26 other receptors 
across numerous different neurotransmitter systems 
(unpublished results). In the isolated rat fundus strip 
assay, both 51 and 14k act as agonists at the 5HT2B 
receptor (pO z = 8.0 and 6.1, respectively; unpublished 
results). At present little is known concerning the 
physiological function of 5HT2B receptors, due in part, 
to the lack of highly selective ligands; interestingly a 
5HT2C receptor agonist which is structurally different 
from those described in this report and which exhibited 
antagonistic activity at the 5HT«j B receptor was also 
found to reduce schedule-induced polydipsia- (unpub- 
lished results). Therefore the 5HT2B receptor is unlikely 
to play a major role in the functional effects described 
here. 

These 5HT20 receptor agonists were found to signifi- 
cantly suppress. schedule-induced polydipsia in rats, 
even at doses lacking any appreciable effects on spon- 
taneous behavior. These results suggest that 5HT2C 
receptor agonists may be of therapeutic value in OCD. 
In this respect, it is interesting to note that although 
fluoxetine was found to be active in this animal model 
of OCD, its potency was low when compared to the dose 
range producing adverse effects. 0HT2C receptor ago- 
nists may, thus, potentially offer improved therapy of 
OCD. 

Experimental Section 

General. Melting points were determined in capillary 
tubes (Buchi 530 apparatus) and are uncorrected.. Column 
chromatography was carried out by using silica gel (230-400 
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Novel Agonists of 5HT 7C Receptors 

mesh; Merck) and 0.3— 1-0 bar pressure. Spectra were re- 
corded with the following iixstruments. JR (cm' 1 ): Nicolet- 
7199-FT-IR. l H-NMR (o values in ppm relative to internal 
TMS, coupling constants J in Hertz): Broker AC-250 (250 
MHz): MS: MS9 updated with a Finnigan MAT data system 
SS 200. Elementary analyses (C, H, N) for novel compounds 
were within 0-49& of the theoretical values. 

5-Methoxyindole, 4-methoxyindole, 4~methyUndoie, 5-meth- 
ylindole, 6-&uoroindole» 5-chloroindole, 5-bromoindole, and 
6-methylindole were purchased from Aldrich Chemicals; 4- 
fluoroindole and 6-fluoreindole, from Sigma; 5-methojryindau- 
1-one and 6-methosymdan-l-one, from Fluka, 

Preparation of ^)-l-(6^hloro-5-fluoroindol-l-yl)pro- 
pan-2-ol (21) (Standard Procedure A). To a mixture of 
sodium hydride (0.09 g, 3.7 mmol) in THF (15 mL) was added 
6-chloro-5-riuoroindole (1*0 (6.5 g, 3 mmol) at 0 After 1 h 
(E)-propylene oxide (0.42 ml/, 6 mmol) was added/ and the 
mixture was stirred for 48 h at room temperature. The 
reaction was quenched with water, and the mixture was 
extracted with diethyl ether and washed with brine. The 
organic layer was dried, and the solvent was removed. The 
residue was subjected to chromatography (toluene/ethyl ac- 
etate, 19:1, as eluent) to yield 21 (0.61 g, 74%) as white 
crystals:, mp 104-105 "C; (aP** =* -60.4' (c « 0.25, CHCJb); 
*H NMR (CDCU) 6 1-26 (d, J = 6 Hz, 3 H), 161 (d, J = 5 Hz, 
1 H), 3.96 (dd, J « 12.5 Bz, J = 8 Hz, 1 H), 4.12 (dd, J = 12.5 
Hz, J = 3.7 Hz, 1 U), 4:20 (m, 1 H), 6.45 (d, J « 3-2 Hz, 1 H), 
7.17 (d, J = 3.2 Hz, 1 H>, 7.34 (d, J = 9.5 Hz, 1 H), 7.SS (d, J 
= 7.5 Hz, 1H); MS (HI) m/* 227 (M + ), 182 (100). Anal. (C U H U - 
C1FNO) C, H, N. 

Preparation of GS)-l-(2-Azidopropyl)-6-chloro-5-fluor- 
oindole (41) (Standard Procedure B). To a solution of 21 
(0.28 g y 1.2 mmol) in dichloromethane (6 mL) and triethy- 
lamine (0.5 mL) was added methanesulfonyl chloride (0.2 mL, 
2.5 mmol) at 0 °C. After 1 h ether was added and the nuxture 
was extracted with 1 M sodium carbonate and washed with 
brine. The organic layer was dried, and the solvent was 
removed. The residue was taken up in DMF (6 cot), and 
sodium aside (0.16 g, 2.4 mmol) was added- The reaction 
mixture was heated for 7 ti at 60 °C, poured into water, and 
extracted with ether. The organic layer was dried, and the 
solvent was removed. The residue was purified by column 
chromatography (toluene as eluent) to yield 41 as yellow oil 
(0.29 g 7 93%): *H NMR (CDCl*) 6 1.30 (d, J ^ 6.2 Hz, 3 H), 
3.90 (m, 1 H), 4.00 (dd, J - 15, 7 Hz, 1 H), 4.07 (dd, J = 15, 5 
Hz, 1 H), 6.48 (d, J = 2.5 Hz, 1 H), 7.14 (d, J = 2.5 Hz, 1 H), 
7.34 (d, <7 - 5 Hz, 1 H), 7.35 (d, J - 10 Hz, 1 H); MS (EI) mlz 
252 CM+), 182 (100). 

Preparation of (S)-2«(6-Chloro«5'fluoroiiidol-l-yl)-l- 
methylethylamine Fujocwate (1:1.6) (51) (Standard Pro- 
cedure C)> A suspension of 0.02 g of Pt<>2 in ethanol (5 mL) 
was stirred under hydrogen for 0.6 h. After the addition of a . 
solution of 41 (0.26 g, 1 mmol) in ethanol (5 mL), the mixture . 
was stirred for 2 h, the catalyst was filtered off, and the solvent 
was removed. The salt was prepared in ether by treatment 
with rumaric acid to yield 0.25 g (59%) of 51: mp 169-171 °C; 
[cxI 20 4W - 31.6° (c - 0.25, MeOB); *H NMR (DMSO-d*) 6 1.10 
(d,;=5Hz,3 H), 3.51 (m, 1 H), 4.18 (dd, J'= 14.5, 7.2 Hz, 1 
E), 4.36 (dd, J = 14.5, 6.2 Hz, 1 H), 6.48 (d, J = 2.5 Hz, 1 H), 
6.49 (s, 2 H)j 7.40 (d, J = 2.5 Hz, 1 H), 7.35 (s, 1 H), 7-42 (d, 
J = 8 Hz, 1 H); MS (EI) mlz 226 (M^), 183, 44 (100). Anal 
(CjiHjaFClNa-l.eCJkO*) C, H, N. 

Compounds 5a-k and 5m-q were synthesized according 
to standard procedures A, B, and C. 

(f^ S). 2 -(5-Methoicyiridol-l-yl)l -methyl ethyl amine fu» 
marate (1:1) (5a): 62%; mp 175-176 °C dec; *H NMR CDMSO- 
d£ 6 1.07 (d, J = 6.5 Hz, 3 H), 3.50 (sept, J = 6.5 Hz, 1 H), 
3.74 (s, 3 H), 4.16 (dd, J = 15.3, 7.5 Hz, 1 H), 4.36 (dd, J = 
15.3, 5.7 Hz, 1 H), 6-37 (d, J = 3 Hz, 1 H), 6.49 (s, 2 H), 6.78 
(dd, J = 10, 2:5 Hz, 1 H), 7.05 (d, J = 2.5 Hz, 1 H), 7.33 (d, J 
= 3 Hz, 1 H), 7.45 (d, j~ 10 Hz, 1 H); MS (EI) mfz 204 CM 4 "), 
161,44(100). Anal. (CtzHia^OCJHUC^) C, H, N. 

(/J^)-2-(4-MethoxyindoUl-yD-l-methylethylamine fu- 
marate (1K).5) (5b): 59%; mp 185-186 *C dec; a H NMR 
(DMSQ-de) d 1.00 (d, J = 6-5 Hz, 3 H), 3-36 (sept, J = 6.5 Hz, 
1 H), 3.86 (s, 1 H), 4.07 (dd, J « 15-3, 7 Hz, 1 H), 4.22. (dd r J 
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= 15.3, 5 Hz, 1 H), 6.43 (d, J = 3 Hz, 1 H), 6.44 (s, 1 H), 6.52 
(d, J 1 7.5 Hz, 1 H), 7.05 (t, J = 7.5 Hs, 1 H), 7.13 (d, J = 7.5 . 
Hz, 1 H), 7.25 (d, J = 3 Hz, 1 H); MB CEI) mJz 204 CM"), 161, 
44(100). Anal. (Ci^ieNaO-O.SC^OJ C, H, R 

(^$)-2-(4->lethyUxtdoW-yl)-l-methyle^ ftuua- 
rate (1:1) (5c): 92%; mp 163-164 °C dec; *H NMR (DMSO- 
<U) 6 1.08 (d f J = 6.5 Hz, 3 H), 2.46 (s, 3 H), 3.52 Cm/1 H), 
4.19 (dd, J = 14^, 7.5 Hz, 1 H), 4.88 (dd, J = 14.2, 8.2 Hz, 1 
H), 6.49 (s, 3 H), 6.83 (d, J = 7 Hz, 1 H), 7.04 (dd, J = 7.5, 7 
Hz, 1 H)j 7.37 (d, J = 3.2 Hz, 1 H), 7.37 (d, J = 7.5 Hz, 1 H); 
MS (ED mlz 188 (M-), 145, 44 (100). Anal. (Ci^ieNrC^O*) 
C, H, N. 

(i^S)-2-(4-Fluoroindol-l-yU-l-methylethylamine furaa- 
rate (1:1) (5d): mp 179-180 °C dec; 2 H NMR (DMSO-cfe) d 
1.09 (d, J = 7.5 Hz, 3 H), 3.53 (m, 1 H), 4.24 (dd, J = 15, 72 
Hz, 1 H), 4.42 (dd, J = 15, 7.5 Hz, 1 H), 6-49 (a, 2 H), 6-54 (d, 
J = 3 Hz, 1 H), 6.82 (dd, J = 8, 7.7 Hz, l.H), 7.13 (m, 1 H), 
7.43 (d, = 9 Hz, 1 H), 7.46 (d, J = 3 Hz, I B); MS CEI) tti/z 
192 (M"), 149, 44 (100). Anal. (CnHwFNrC^aiO^ C, H, N. 

CR,S)-2-(5-Methylindol-l -yl)-l-methylethylamine furna- 
rate (1:1) (5e): 87%; mp 165-167 *C dec; J H NMR CDMSO- 
d£ <5 1.06 (d, J = 6.5 Hz, 3 H), 2.36 (s, 3 H), 3.50 (m, 1 H), 
4.18 (dd, J = 14^, 7.5 Hz, 1 H), 4.38 (dd, J = 14.2, 5.7 Hz, 1 
H), 6-36 (d, J = 3 Hz, 1 H) 8 6.49 (s, 3 H), 6.97 (d, J = 7 Hz, 1 
H), 7.33 (dd, J = 7.5, 7 Hz, 1 H), 7.43 (d, J - 3.2 Hz, 1 H); MS 
(EI) m/s 188 (M~), 145, 44 (100). AnaL (CjaHisNrCJlaO^ C, 
H, N. 

(JB,S) -2-(5-Flu oroindol- 1 -yl)-l-Tnethylothylamine fuma- 
rate (1:1) (5f): 95%; mp 169-170 W C dec; ^H NMR (DMSO- 
cW> d 1.08 (d, J = 6-5 Hz, 3 H), 3.52 (m, 1 H), 4.22 (dd, J = 
14-6, 7.5 Hz, 1 H), 4.39 (dd, J « 14.5, 6 Hz, 1 H), 6.46 (d, J = 
3 Hz, 1 H), 6.49 (s, 2 H), 7.00 (dt, ^ = 7.5, 2.5 Hz, 1 H), 7.32 
(dd, J = 10, 2.5 Hz, 1 H), 7.47 (d, J - 3 Hz, 1 H), 7.58 (dd, J 
- 9, 4.5 Hz, 1 H); MS (ED mlz 192 (M + ), 149, 44 (100). AnaL 
(CnHxaF^CJ^OJ C, H, N. 

(J?,iS^-2-(5-C^loroindol-l^l)-l^ethylethylamiT]Le furoa- 
rate (1:2) (5g): mp 183-185 'C dec; *H NMR (DMSO-<ie) <^ 
Lll (d, J - 6.5 Hz, 3 H), 3.57 (m, 1 H) s 4.25 (dd, J - 14-2, 7.6 
Hz, 1 H), 4.42 (dd, J= 14.2, 6.2 Hfc, 1 H), 6.48 (d, J= 3 Hz, 1 
H), 6.54 (s, 2 H), 7.16 (dd, J =* 7.5 7 2.5 Hz, 1 H), 7.48 (d, = 
3 Hz, 1 H), 7.61 (d, J = 7.5 Hz, 1 H), 7.61 (d, J = 2.5 Hz, 1 H); 
MS (EI) /n/^ 208 (M+), 165, 44 (100). Anal. (CnHuClN^ 
2C4H4O4) C, H, N. 

(^j9)-2-(5-Br<>moindol-l-yl)-l^ethylethylamdne fixma- 
rate (1:1) (5h)= 93%; mp 196-197 *C dec; *H NMR (DMSO 
d«) d 1.06 (d. J" = 6.5 Hz, 3 H), 3.49 (m, 1 HX 4.20 (dd, J = 
14.5, 7 Hz, 1 «), 4.36 (dd, J = 14.5, 6.2 Hz, 1 H), 6-46 (d 7 .J = 
3.2 Hz, 1 H), 6.49 (s, 2 H), 7.26 (dd, J = 8.7, 2 Hz, 1 H), 7.45 
(d, j = 3.2 Hz, 1 H), 7.55 (d, / = $.7 Hz, 1 H), 7.74 (d, 2 
Hz, 1 H); MS (EI) mlz 252, 254 (M + ), 211, 209, 44 (100). Anal. 
<CiiH 15 BrN 3 -C 4 H40,) C, H, N. 

(Jf^S)-i^(6-Methylindo^l^l)-l*methylethylanljboe fuma- 
rate (1:1) (5i): 60%; mp 152-153 °C dec; *H NMR (DMSO- 
ii 6 ) 6 1.09 (d, J = 6.5 Hz, 3 H), 2.41 (s, 3 H), 3.53 (m, 1 H), 
4.16 (dd, J ^ 14.5, 7.5 Hz, 1 H), 4.36 (dd, J = 14.5, 5.7 Hz, 1 
H), 6.39 (d, J = 3 Hz, 1 H), 6.50 (s, 2 H), 6.87 (d, J - 8 Hz, 1 
H), 7.29 (d, J = 3 Hz, 1 H), 7.35 (s, 1 H), 7.42 (d, J = 8 Hz, 1 
H); MS (EI) m/s 188 (M + ), 145, 44 (100). Anal. (C^H^a* 
C4H4CU) C, H, N. 

^5)_^(e-Fluoroindoia-yl)-l-mi^th^IethylamLine fuma- 
rate (1:1) (5j): 78%; mp 158-159 9 C dec; J H NMR (DMSO-ck) 
o 1-10 (d, J = 6.5 Hz, 3 H), 3.51 Cm, 1 H), 4.18 (dd, J = 14.5, 
7.2 Hz, 1 H), 4.36 (dd, J - 14,5, 6.2 Hz, 1 H), 6.48 (d, J = 2.5 
Hz; 1 H), 6-49 (s, 2 H), 6.89 (dt, J => 8.7, 2.2 Hz, 1 H), 7.40 (d, 
J = 2.5 Hz, 1 H), 7.47 (dd, J — 10.5, 2.2 Hz, 1 H), 7.54 (dd, J 
= 8.7, 5-5 Hz, 1 H); MS (EI) mlz 192 (M x ), 149, 44 (100). Anal. 
(CnHisFNz-CdHUO*) C ( H f N. " 

CR)-2-(6-ChlorO'5-nuoroiAdol-l-yl)-l-methylethyI- 
. amine fumarate (1:1.5) (5k): 69%; mp 153-154 °C dec; 
[ojao^ = -28.8° (c « 0.25, Me OH); ^H NMR (DMSO^e) <$ 1.10 
(d, J = 5 Hz, 3 H), 3.51 (m, 1 H), 4.18 {dd, J = 14.5, 7.2 Hz, 1 
H), 4.36 (dd, J = 14.5, 6.2 Hz, 1 H), 6.48 (d, J 2.5 Hj, 1 H), 
6.49 (s, 2 H), 7.40 (d, «7 - 2-5 Hz, 1 H), 7.35 (s, 1 H), 7.42 (d, 
<J = 8Hz, 1H). AnaL (CnHi 2 FClNrl-5C 4 H 4 0 4 ) C, H, N. 
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CK)-2-(5 f 6-Piflluoroindol-l-yI).l-metliyl©thylamine fu- 
marate (lil) (5m): 82%; mp 161-162 °C dec; {o)*° m = -34 4° 
Cc « 0.25, MeOff); l H NMR <DMSO<k) 6 1.09 <d, J « 6.5 Hz 
3 H), 3.49 (m, 1 H), 4.19 (dd, J = 14.5, 7 Hz, 1 H), 4.33 (dd, J 
~ 14.5, 62 Hz, 1 H), 6.48 (d, J = 3.2 Hz, 1 H), 6.49 (s, 2 BO, 
7.47 (d, ,7 = 3.2 Hz, 1 H), 7.54 (dd, J" U.2, 7,5 Hz, 1 H), 7.74 
(dd, J - 11.7, 7 Hz, 1 H); MS (ED m/z 210 (M + ), 167, 166, 44 
(100). Anal. (CuHisF^-C+H^) C, H, N. 

(S)-2-(5,6-Difluoroindol-l-yl)-l-methyletbylaniine fu- 
marate (1:1) (5n): 84%; mp 159-160 °C dec; la] 20 ^ = +355° 
(c - 0.25, MeOH). Anal. (CnHaaFaNrC^O*) c, H, N. 

(S)-2'(5-Chloro-fl-nuoroindoM.yl)-l-ni«t]biyIethyl- 
aroine fumarate (1:1) (5o): mp 158-160 °C dec; [oJ 20 d = 
+35.2° (c = 0-25, MeOH); 'H NMR (DMSO^de) (5 1.09 (d, J 
6.7 Hz, .3 H), 3.50 (m, 1 H), 4-20 (dd, J = 14.5, 7.5 Hz, 1 H), 
4.34 (dd, J= 14.5, 6.5 Hz, 1 H), 6.49 (s, 2 H), 6.49 (d, = 3.2 
Hz, 1 H), 7.48 (d, J = 3.2 Hz, 1 H), 7.73 (d, J -« 7.5 Hz, 1 H), 
7,74 (d, J *= l(THz, 1 H); MS <EI) m/z 226 (M"), 183, 44 (100). 
Anal. (CnHi2FClNrC4H404) C, H, N. 

CR) 2>( 4-ChIorO-5 -fluor oindoM -yl) -1 -me tbylethy 1- 
amine fu roar ate (1:1) (5p): 84%; mp 186-187 °C dec; la) 20 ^ 
= -32.4° (c - 0.25, MeOH); *H NMK (DMSb-d 6 ) a 1.08 <d, J 

6.5 Hz, 3 H), 3.48 (m, 1 H), 4.23 (dd, J = 14.5, 7 Hz, 1 U), 

4.36 (dd, J = 14.5", 6.5 Hz, 1 H), 6:49 (s, 2 H), 6.54 (d, J = 3.2 
Hz, 1 H), 7.19 (t, J^IO Hz, 1H), 7.60 (d, <7 = 3.2 Hz, 1 H), 
7.42 (d, ^ = 8 Hz, 1 H); MS (£1) m/z 226 (M-), 183, 44 (100). 
Anal. (CnH^ClN^HiO*) C, H, N, 

(^)-2*(4-Chloro-5-fluarpinaoM-yl)-l-methylti>thyl< 
amine famarate tl:l) (5q): 84%; mp 183-184 °C dec; [aP^e 
= +32.4° (c m 0.25, MeOH). Anal. (CnHiaFClN^CAO*) C. 
H, N. 

i\r-(2<Bromo-5-cbloro-4-fluorophenyl)trifluoroaceta- 
mide (7). To a solution of 2-bromo-4-chloro-3-fluoropheny- 
lamine (6) (11 1 g, 0.5 moD in ether (990 mL) at 0 °C were added 
solid Na 2 C0 8 (78 g) and trifluoroaceti'c anhydride (86 mL, 0.9 
mol). After being warmed to room temperature the suspension 
was stirred for 2.5 h, diluted with ether, and extracted with 
water. The organic layer was separated and dried (sodium 
sulfate), and the solvent was removed. The residue was 
recrystallized from n-hexane to yield 7 as yellow crystals (136 
g, 86%); mp 86^88 »C; *H NMR (CDQ 3 ) <5 7.45 (d, J = 7.6 
Hz, 1 H), 8.46 (d, J = 7 Hz, 1 K> 7 MS (ED m/z 319, 321 (M^), 
240(100). Anal. (CsH^ClBrNO) C, U, N. 

CR, S)-l-(Trifluoroaeetyl) «6-chl6ro-5 -fluQro-3-hydro*y- 
. 2,3-dihydro-lff-indole (8), A solution of 7 (24 g, 75 mmol) 
in THF (750 mL) was cooled to -100. °C. Meli (75 mmol, 1.6 
M in ether) was added, and 10 min later f-BuIi (150 mL, 1.7 
M in peritaue) was also added. After 1 h at -100 *C a solution 
of chioroacetaldehyde (67.5 mL, 1.7 M in THF) was added. The 
mixture was stirred at -78 °C for 4 h, and acetic acid (13 mL) 
was added. After the addition of triet%lamine (52 mL), the 
reaction mixture was allowed to warm to ambient temperature 
and to stir for 14 h. Ammonium chloride solution (20%, 150 
mL) was added, followed by extraction with ether. The organic 
layer was separated and dried (sodium sulfate), and the solvent 
was removed. The residue was purified by column chroma- 
tography (toluene/ethyl acetate, 19:1) to yield 8 (13g, 61%): 
mp 97.5-98 *C; >H NMR (CDCla) d 2.36 (d, J - 7 Hz, 1 H), 

5.37 (m, 1 H), 7.26 (d, J = 7.7 Hz, 1 H), 8.35 (d, J - 6-25 Hz, 
1 H); MS (ED m/z 283 (M*), 186, 69 (100). Anal. (CioHeF*- 
CINO*) C, H, N. 

6-Chloro-5-fHioroindole (lk)» A solution of 8 (5.5 g, 19.5 
mmol) and p-tolueoesulfonic acid monohydrate (0-19 g 7 0-9 
mmol) in toluene (200 mL) was heated at reflux temperature 
for 2 h. The solvent was removed, and the residue was 
dissolved in methanol (800 mL). After the addition of NaOH 
(1 N, 800 mL), the mixture was refluxed for 2.5 h. Methanol 
was removed, and the crystals were filtered off and dried; yield 
77%; mp 104-105 °C; l H NMR (CDC1 5 ) 3 6.50 (m, 1 H), 7.24 
(m, 1 H), 7.36 (d, J = 9.5 Hz, 1 H), 7.41 (d, J = 6 Hz, 1 H); MS 
(ED m/z 169 (M~), 134, 107 (100). 

Preparation of (R,S)-2-(2-But€n-l-yl)-$,3,6-trimethyl- 
1-indanone (lOi) (Standard Procedure D). A solution of 
3,3,6-trimethylindan-l-one (9i) 12 " u (18.9 g, 108 mmol), 3^uten- 
2^)1 (22.4 mL, 0.26 moD, and p-toluenesulfonic acid (300 mg) 



in 2,2-dimethoxypropane (200 mL) was boiled under reflux for 
64 h on a Dean- Stark trap filled with molecular sieves (0.4 
nm, 2 mm pearl shaped). The solvents were evaporated, and 
the residue was purified by column chromatography on silica 
gel (hexane/ethyl acetate, 6:1) to give lOi (12.7 g, 51%) as a 
yellow oil: *H NMR (CDC1$) <5 1.18 (s, 3 H), 1.45 (s, 3 H), 1.69 
(d, J = 2 Hz, 3 H), 2.18 (m, 1 H), 2.39 (s, 3 H), 2.43 (m, 1 H), 
2.69 (m, 1 H), 5.58 (m, 2 H), 7.41 (m, 2 H>. 7.50 (s, 1 H); MS 
(ED m/z 228 (M+), 213 (M + - Me), 173 (100), 159, 115, 55. 

Compounds 10a— h and" lOj— k were prepared in the same 
way from 4-methoxyindan-l-one (9a), 15 5-methoxyindan-lrone 
(9b), 6-methoxyjndan-l-one (9c), 7-methoxyindan-l-one (9<J>), 16 
6-fluoroindan-l-one (9e), n 6-chloroindan-l-one (9f3, ie 6-bro- 
moindan-l-one (9g), 1>ir ' ld 6-methylindan-l-one (9h), 19 6-fluoro- 

3.3- dimethylindan-l-one (Sj), K_u and 6-methaxy-3,3^dimeth- 
yhndan-l-one (9k), 12 ~ 15 respectively. 

Preparation of (R^-2-(2-Oxoathyl)^^,6-triinethyl-l- 
indanone (Hi) (Standard Procedure E). An ozone stream 
(2.5 g of ozone/h) was conducted for 1 h while stirring through 
a solution of lOi (12.7 g, 55.6 mmcD in dichloromethane (200 
mL) and methanol (40 mL) cooled to -70 °C. Subsequently, 
the solution was flushed with oxygen for 5 min and with argon 
for 10 min. After the adoption of dimethyl sulfide (6:12 mL, 
83,4 mmol), the mixture was stirred at room temperature for 
18 h. The reaction mixture was evaporated, the residue was 
treated with dichloromethane (150 mL) and after the addition 
of water (25 mL) and trifluoroacetic acid (25 mL), the mixture 
was stirred at room temperature for 2.5 h. The mixture was 
subsequently poured into water (150 mL) and neutralized 
while stirring by addition of hydrogen carbonate. Water (100 
mL) was added, the phases were separated, and the aqueous 
phase was extracted twice with dichloromethane (150 mL each 
time). The combined organic phases were dried (magnesium 
sulfate) and concentrated to give Hi (11.3 g; 94%) as a light 
yellow oil: 'H NMR (CDCla) <5 1.11 (s, 3 H), 1.51 (s, 3 H), 2 41 
(s, 3 H), 2.61 (m, 1 H); 3-04 (m, 2 H),.7.40 (d, «7 = 7 Hz, 1 ED, 
7.46 (d, J = 7 Hz, 1 B0, 7.52 (s, 1 H), 9.99 (s, 1 H); MS (El) m/z 
188 <M + - CO), 173 (100), 159, 145, 128, 43. 

Preparation of (R)-l-(4,4,7-Trinietliyl-l,4-daiydroin- 
deno[l,2-63pyrrol-l-yl)propaxi-2-oi (12k) (Standard Pro- 
cedure F). A solution of Hi (2.16 g, 10 mmol) and n-tolu- 
enesulfonic acid (80 mg) in toluene (90 mL) was heated on a 
Dean- Stark trap. A solution of CK>l-amino-2-propanol (3.0 
g, 40 mmol) in toluene (20 mL) was. added dropwise over a 
period of 5 min. Subsequently, the mixture was boiled for an 
additional 45 min, during which the solvent was reduced to a 
volume of 20 mL- The cooled reaction mixture was purified 
by column chromatography (ethyl scetats/hexane, L2) to yield 
12k (1.6 g, 69%) as a brown oil: *H NMR (CDCW 6 1.29 (d, J 
= 5Hj,3 H), 1.41 (s, 6 H), 2.38 (s, 3 H), 3.99 (m, 1 H), 4.18 
(m, 2 H), 6.11 (d, J = 2 Hz, 1 H), 6.68 (d,J-= 2Hz, 1 H), 6.90 
(d, J = 7 Hz, 1 H), 7.07 (s, 1 H), 7.21 (d, J = 7 Hz, 1 H); MS 
(ED m/z 255. QAr\ 240 (100), 194. 

Preparation of (5)-l-(2*A2idopropyl)-4y4,7-trimethyl- 

1.4- dihydroindeno[l^-6]pyrrole (1310 (Standard Proce- 
dure G). Methanes ulfonyl chloride (0.91 mL, 11.7 mmol) was 
added dropwise while stirring to a solution, cooled to 0 °C, of 
12k (1-5 g, 5-87 mmol) and triethylamine (3.27 mL, 23.5 mmol) 
in dichloromethane (50 mL), and the mixture was stirred at 
this temperature for an additional 1.5 h. The reaction mixture 
was subsequently diluted with dichloromethane (150 mL), 
washed twice with saturated sodium hydrogen carbonate 
solution (70 mL each time) and once with brine (70 mL), dried 
(magnesium sulfate), and evaporated. The residue was dis- 
solved in DMF (50 mL) and treated with sodium azide (0-76 
g, 11.7 mmol) and the mixture was heated to 60 Q C for 15 h 
while stfrring. After cooling the solution was poured into 
water (100 mL) and extracted twice with ethyl acetate (100 
mL each time). The combined organic phases were washed 
once with water (100 mL) and once with brine (100 mL), dried 
(magnesium sulfate) and evaporated. The residue was purified 
by column chromatography (hexane/ethyl acetate 4:1) to give 
13k (1.13 g, 68%) as a reddish oih X H NMR (CDCIg) 6 1.30 (d, 
J - 5 Hz, 3 H), 1,41 (s, 6 H), 2.39 (s, 3 H), 3-92 (m, 1 H), 4.09 
(m, 2 H), 6.12 (d, J = 2 Hz, 1 H), 6.65 (d, J = 2 Hz, 1 H), 6.90 
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(d, J = 7 Hz, 1 H), 7,03 <s, 1 H), 7.21 (d, J « 7 Hz, 1 HQ; MS 
(EI) m/z 280 (M+), 237 (100) , 194, 1S1, 56, 

Preparation of (5)-2-(4,4,7-TrimethyI-l,4-dihydroin- 
deno(l^^Ipyrro]-l-yl)-l-roetnylethyIaxDjuae Fumarate (1: 
1) (14k) (Standard Procedure H). 13k (1.1 g, 3.92 mmol) 
dissolved in ethariol (50 mL) was hydrogenated over platinum 
oxide (110 mg) for 4 h at room temperature. The catalyst was 
subsequently filtered off and rinsed with ethanol, and the 
solution was evaporated. The colorless residue was dissolved 
in ether (80' mL), filtered, and treated while Stirring with a 
solution of fumaric add (455 mg, 3.92 mmol) in methanol (15 
mL), The mixture was stirred at room temperature for 24 h, 
and the crystals were subsequently filtered off to give 14k (805 
mg, 77%) as a white solid: mp 196 °C; (oPd - +11.2* (c = 
0.25, MeOH); X H NMR (DMSO-^) d 1.08 (d, J= 5 Hz, 3 H) 7 
1.32 (8/6 H), 2.32 (s, 3 H), 3.44 (m, 1 H), 4.14 (dd, J = 10, 7 
Hz, 1 H), 4.41 (dd, J — 10, 4 Hz, 1 H), 6.06 (d, J = 2 Hz, 1 H), 
6.51 (s, 2 H), 6.79 (d, </ = 2 Hz, 1 H), 6.S4 (d, J - 7 Hz, 1 H), 
7.23 (d, <r = 7 Hz, 1 H), 7.33 (s, 1 H); MS (EI) mlz 254 (M + ), 
211,196,44(100). Anal- (CitHjbN^IC^O*) C, H, N. . 

Compounds 14a— j and 141,m were synthesized according 
to standard procedures D, E, F, G, and H. 

(2^S)-2-(6-IVIethoxy-l,4-dihydro^deuo[l^-6]pyrrol-l- 
yl)-l-metbylethylamine fumarate (1:0.5) (14a): 83%; mp 
194 m NMR (DMSO^e) & 1.01 (d, J = 5 Hz, 3 H), 3.30 (s, 
3 H), 3.31 <m, 1 H), 3.83 (s, 3 H), 4.08 (dd, J = 10, 7 Hz, 1 H), 
4.25 (dd, J = 10, 4 Hz, 1 H), 6.11 (d, J » 2 Hz, 1 H), 6.45. (s f 

1 H), 6.76 (d, J = 7 Hz, 1 H), 6.85 (d, J 2 Hz, 1 H), 7.22 (m, 

2 H); MS (EI) 771/2 242 (M+), 199, 44 (100), Anal. 
(C l5 H 18 N2O-0.5CJl4O4-0.12MeOH) C, H, N. 

(i^^)-2K^Methoxy.ly4^ihydroind^o[l,2^6]pyrrol-l- 
yD-l-metliylethylaxoine fumarate (1:0.6) (14b): 61%; mp 
189 *C; >H NMR (DMSO-rfs) 6 1.02 (d, J = 5 Hz, 3 H), 3.33 
(m, 1 H), 3.39 (s, 3 H), 3-75 (s, 3 H), 4.05 (dd, J = 10, 7 Hz, 1 
H), 4.23 (dd, J = 10, 4 Hz, 1 H),.6.08 (d, J - 2 Hz, 1 H), 6.46 
(s, 1.2 H), 6.77 (d, J = 2 Hz, 1 H), 6.79 (dd, J =7, 2 Hz, 1 H), 
7.08 (d, J 2 Hz, 1 H), 7.44 (d, J = 7 Hz, 1 H); MS (EI) mlz 
242 (M+), 199,44(100). Anal- (Ci5H lfi N2O 0.6CJIcOJ C, H, 
N. 

(iJ > S)-2-(7-Metho3ty-l,4^iny4r^indeno[l > 2^1pyTTol-l- 
yl)-l-methylethylamine fumarate (1:0.5) (14c); 79%; mp 
203 °C; *H NMR (DMSO-d 6 ) <5 1.01 (d, J = 6 Hz, 3 H), 3.33 
(m, 1 H), 3.34 (s, 3 H), 3.78 ($, 3 H), 4-07 (dd, J = 10, 7 Hz, 1 
H), 4.26 (dd, J = 10, 4 Hz, 1 H), 6.11 (d, J = 2 Hz, 1 H), 6.44 
(s, 1 H), 6.63 (dd, J = 7, 2 Hz, 1 HX 6.86 (d, J = 2 Hz, 1 H), 
. 7.08 (d, J" = 2 Hz, 1 H), 7.29 (d, J = 7 Hz, 1 H); MS (EI) mlz 
242 (M + X 199, 44 (100). Anal. (C^HxeNaO-O.SCAO*) C, H, 
N. 

(jR^)^-(8-Metbo^a,4-dihydrouideno[l,2.6]pyrrol-l- 
yl)-l metbyl^tbylamiwe fumarate (1:0,52) (14d): 74%; mp 
193 °C; A H NMR (DMSO-de) d 1.01 (d, J = 5 Hz, 3 H), 3.32 
(m, 1 H), 3.41 (s 7 3 H), 3-92 (e, 3 H), 4,21 (dd, J = 10, 7 Hz, 1 
H), 4.38 (dd, J * 10, 4 Hz, 1 H), 612 (d, J = 2 Hz, 1 H), 6.43 
(s, 1.04 H), 6.84 (d, = 2 Hz, 1 H), 6 96 (m, 1 H), 7,05 (m, 2 
H); MS (EI) m/z 242 (M"), 199, 44 (100). Anal- 
(C 16 H I$ N 2 O'0.52e4H4O4) C, H, N. 

GR)-2-(7-Methoxy-l f 4-dihydroindeno[l^-d]pyrroM -yl)« 
l-methyletbylamine fumarate (1:0.5) (l4e): 689&; mp 207 
°C; foj 20 D = -21.6° (c = 0.25, MeOH); *H NMR (DMSOcfc) 6 
1.02 (d, ^ = 6 Hz, 3 H), 3.32 (m, 1 H), 3.34 (s, 3 H), 3-78 (s P 3 
H), 4.07 (dd, J * 10, 7 Hz, 1 H), 4-26 (dd, J = 10, 4 Hz, 1 H), 
6.10 (d, J — 2 Hz, 1 H), 6.45 (s, 1 H), 6.61 (dd, J = 7, 2 Hz, 1 
H), 6.86 (d\ J = 2 Hz, 1 H), 7.09 (d, J = 2 Hz, 1 H), 7_29 (d, J 

7 Hz, 1 H>, MS (ED m/s 242 (M + ), 199, 44 (100). AnaL 
(CjaHraNaO-O.SC^O^) C, H, N. 

(5^-2-(7-Metho3^-l,4-dihydroiiiaeiio[l^-&]pyx*ol-l-yl)- 
1-methylethyl amine fumarate (1:0.5) (14f): 77%; mp 206 
*C; [oJ 20 d = +23.2° (c = 0.25, MeOH); ^H NMR (DMSO^) <5 
1.01 (d ( J = 5 Hz, 3 H), 3.32 (m, 1 H), 3.34 (s, 3 H), 3.78 (s, 3 
H), 4.07 (dd, J = 10, 7 Hz, 1 H), 4.26 (dd, J = 10, 4 Hz, 1 H), 
6.10 (d, J = 2 Hz, 1 H), 6.44 (s, 1 H), 6.62 (dd, J « 7, 2 Hz, 1 
H), 6.86 (d, J = 2 Hz, 1 H), 7.09 (d, J = 2 Hz, 1 H), 7.29 (d, J 
- 7 Hz, 1 H); MS (EI) m/z 242 (M + ), 199, 44 (100). Anal. 
(0^^0-0.50^04) C, H, N. 

(S)-2-(7-Fluoro-l,4^ihydromdeno[l^-6)pyrrol-l-yl)-l- 
metbylethyl amine fumarate (1:0.5) (14g): 54%; mp 194 
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"C; (aJ 20 D = +16.8° (c = 0.25, MeOH); J H NMR (DMSO-ds) 6 
1.02 (d, J = 6 Hz, 3 H), 3.29 (m, 1 H), 3.40 (s, 3 H), 4.09 (dd, 
J = 10, 7 Hz, 1 H), 4,23 (dd, J = 10, 4 Hz, 1 H), 6.14 (d, J = 
2 Hz, 1 H), 6.45 (s, 1 H), 6.83 (dt, J = 7, 1 Hz, 1 H), 6.91 (d, J 

2 Hz, 1 H), 7.40 (m, 2 H); MS (ED m/r 230 0vS + ), 187, 44 
(100). Anal. (Cj«Hj5FNr0.5CaH4Od) G, H# E, N. 

(S)-2-(7-ChIoroa,4^i^droindeno[l^^)p>^rol-l-yl)-l- 
methyletbylamine fumarate (1:0.55) (14b); 67%; mp 197 
C C; fa] z0 D = +16.0* (c = 0.25, MeOH); A H NMR (DMSO-rf$) 6 
1.01 (d, J - 5 Hz, 3 H), 3.30 (m, 1 H), 3.43 (s, 3 H), 4.08 (dd, 
J « 10, 7 Hz, 1 H), 4.27 (dd, J = 10, 4 Hz, 1 H), 6.15 (d, J = 
2 Hz, 1 HO, 6.46 (s, 1.1 H), 6.93 (d. J = 2 Hz, 1 ID, 7.07 (dd, *7 
= 7, 1 Hz, 1 H), 7.41 (d, J = 7 Hz, 1 H). 7.60 (d, «7 = 1 Hz, 1 
H); MS (ED mfz 246 (M^), 203, 44 (100). AnaL (CuHi 3 - 
ClNrO.SSCAO*) C, H, CI, N. 

(S)-2-(7-Bronw-l,4^ihydroindeno[l,2^]pyCTol-l-yl)-l- 
methylethylamjuoe fiunarate (1.-0.S) (14i): 50%; mp 197 °C; 
rctj% = +14.8° = 0.25, MeQH); A H NMR (DMSOrdg) <5 1.01 
(d, J = 5 Hz, 3 H), 3.29 (m, 1 H), 3.41 (9, 3 H), 4.09 (dd, J - 
10, 7 Hz, 1 H), 4.26 (dd, ^ = 10, 4 Hz, 1 H), 6.15 (d, J = 2 Hz, 
1 H), 6-46 (e, 1 H), 6.93 (d, J ~ 2 Hz, 1 H), 7.21 (dd, j = 7, 1 
Hz, 1 H), 7.35 {dy-7Hz,l H), 7.71 (d, J - 1 Hz, 1 H); MS 
(EI) m/z 290^92 (M + ), 247^49, 44 (100). Anal. (d^Hje- 
BrN^O-0.5C4HtfO4) C, H, Br, N. 

<5)-2-(7-Methyl-M-dinydroindeno[i^-&]pyrrol-l-yD-l- 
metbyletbylwune fumarate (1:0.5) (14j): 65%; mp 194 °C; 
(cxPd = 4-22.S 0 (c = 0.25, MeOH); 4 H NMR (DMSCMe) d 1.03 
(d, J « 5 Hz p 3 H), 2.35 (s, 3 H), 3.34 (m, 1 H), 3.36 (s, 3 H), 
4.07 (dd, J = 10, 7 Hz, 1 H), 4.28 (dd, J ~ 10, 4 Hz, 1 H), 6.10 
(d, ^ « 2 Hz, 1 H), 6.46 (s, 1 H), 6.85 (m, 2 H), 7.28 (d, *7 *- 7 
Hz, 1 H) 9 7.38 ($, 1 H); MS (EI) mJz 226 (M + ), 183, 44 (100). 
AnaL (CipHieNa-O.SC^O*) G, H, N. 

(S)-2^7-Fluoro-4,4-dimethyl-l,4-dihydroixtdoiio[l^&)- 
pyrrol-l-yl)-l-metnylethylaoraiiie fumarate (1:1) (14D: 
70%; mp 211 °C; [q]*>d - +8.8° (c = 0.25, MeOH); >H NMR 
(DMSO-tfe) 6 1.05 (d, e7 = 5 Hz, 3 H), 1.35 (s, 6 H), 3.41 (xn, 1 
H), 4.11 (dd, J = 10, 7 Hz, 1 H) t 4.36 (dd, J =10, 4 Hz, 1 H), 
6.09 (d, </ = 2 Hz, 1 H), 6.49 (s, 2 H), 6-83 (m, 1 H), 6.87 (d, </ 
= 2 Hz, 1 H), 7.S6 (m, 2 H); MS (ED m/z 258 (M+), 215, 200, 
44 (100). Anal.. (CwHj JFNa-lCAO*) C, H, F, N. 

(S)-2-(7-metho^^,4Hlimethyl-l,4-<lmydro-iiideiio[l^- 
&]pyrrol-l-yl)-l-methylethylamtne fumarate (1:1) (14m): 
60%; mp 181 "C; [ol^D = +10.0° (c = 0.25, MeOH); a H NMR 
(DMSO-d 6 ) c5 1.05 (d, J = 5 Hz, 3 H), 1.32 (s, 6 H),3.41 (m, 1 
H), 3.77 (s, 3 H), 4.09 (dd, «7 = 10, 7 Hz, 1 H), 4.33 (dd\V « 10, 
4 Hz, 1 H), 6.06 (d, J = 2 Hz, 1 H), 6.47 (s, 2 H), 6.59 (dd, «/ » 
7, 1.5 Hz, 1 H), 6.80 (d, J = 2 Hz, 1 H), 7.08 (d, J" — 1.5 Hz, 1 
H), 7.24 (d ; J=7Hz ; l H); MS (ED mlz 270 (M"), 227, 212, 44 
(100). Anal. (^H^NsO-lC^O*) C, H, N. 

Cell Culture and Membrane Preparation. Membranes 
obtained from NIB 3T3 cell lines expressing either human 
5HT 2 a or human SHTjc receptors were kindly donated by Dr. 
Nico Stain (N. V. Organcm). For each receptor subtype, a 
single batch of membranes were grown using fermentation 
techniques, previously described. 40 

Radioligand Binding Assays. Radioligand binding as- 
says were as previously described for the human 5HT2A 
receptor with minor modifications for the labeling of human 
5HT 2 c receptors. Briefly, on the day of the experiment, 
membranes were thawed and resuspended in 10 times the 
original volume of assay buffer. This gives a concentration of 
approximately 4 * 10 5 cells per assay tube. This assay buffer 
consisted of Iris-HCl 50 mM, p&rgyline 10^* M r MgCI? 5 mM 
and ascorbic acid 0-1% pH 7.4- All compounds were dissolved 
in 10% DMSO and diluted in assay buffer. Assays were 
similar for each receptor and consisted of 100 of membrane 
preparation (depending on the assay), 50 juL of radioligand 
(PHI-5HT 1 nM final concentration for labeling human SHTsc 
receptor binding sites, and [*H]DOB 1 nM final concentration 
for labeling human SHTja receptors). Nonspecific binding was 
defined in the presence of 10 /*M 5HT in the case of the human 
0HT2C receptor and 10 jjM methysergide in the case of the 
human 5HTza receptor. All incubations were performed at 
room temperature for 1 h and the reactions stopped by rapid, 
filtration through Whatmann GF/B filters. The filters were 
washed with 3 x 2 mL of Tris-HCl (50 mM, pH 7.4), and the 
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radioactivity retained on the filters was measured by scintil- 
lation spectroscopy in 2 wL of scintillation fluid. All experi- 
ments were performed in triplicate and repeated at least three 
times. 

Saturation analyses were performed for each receptor using 
at least eight concentrations of each radioligand (concentra- 
tions ranging from 0,05 to 10 nM). Dissociation constants (^) 
were calculated using the EBDA/UGAKD program. 21 ' 22 

Displacement curves were constructed for each compound 
at each receptor using seven concentrations of the displacing 
agents (one data point per log unit of concentration: 1CT 11 - 
10" 5 M). Displacement curves were analyzed using EBDAf 
LIGAND to calculate pS values. 

Radioligands. Badioligands were purchased from New 
England Nuclear. The specific activities of PHI5HT and FH]- 
DOB were 29.7 and 16.0 Ci/roxnol. 

Tissue Preparation and Incubation for Measurement 
of IPs Production. BHTgc receptor-mediated stimulation of 
TPz production was measured in the choroid plexus of the rat. 
The choroid plexus was removed, placed in 200 /wL of oxygen- 
ated Krebs solution, and incubated with 0.35 nmol of myo- 
inositol and 0.35 nmol of PHI myoinositol for 1 h at 37 P C. 
During this incubation, the tubes were gassed With 95% 
oarygen/5% COa every 20 mim A mixture of LiCl and pargynne 
was then added (final concentration: LiCl = 10 mM, pargyhne 
= 10 fiM) and 10 min later the test compounds (final incuba- 
tion volume 250 ftL). Dose— response curves were con- 
structed from data obtained from three separate measures per 
data point. The mixture was incubated for a further 0.5 h at 
37 °C- The assays were stopped by the addition of 25 pL of a 
stopping solution (HCIO4 2.64 N 4- EDTA 40 mM). Assay 
tubes were frozen on dry ice for 15 nun, thawed, and then kept 
on ice for 1 h. The tubes were then centrifuged for 20 min at 
24000£. Then, 250 pCL of the supernatant was removed and 
placed in Eppendorf tubes together with 25 /uh of 4 M KOEL 
The samples were mixed well and kept on ice for 15 min. 
These samples were then recentrifuged for 15 rain at 14 000 
rpm. We removed 230 ftL of supernatant and added 30 pL of 
phytic acid. The isolation of IP S was as described in a previous 
report. 23 

A concentration response curve was constructed for 5HT, 
mCPP, and several synthesized compounds. Six concentra- 
tions were used per test compound with the highest concentra- 
tion tested being 0-1 mM- The maximal effect produced by 
each compound was compared to the stimulation induced by 
10 ptM 5HT in order to calculate the relative intrinsic activity. 

In Vivo Functional Test. In the test used to evaluate 
5HT2C receptor agonism in vivo, elicitation of penile erection 
was determined in RORO rats (Biological Research Labora- 
tories, CH^414 FuUinsdorf, Switzerland). All drugs were 
dissolved or micros usp ended in 0.3% v/V Tween-80 in physi- 
ological saline. All drug solutions were freshly prepared and 
injected subcutaneously (sc) in a volume of 5 mL/kg body 
weight or administered orally in a volume of 10 nuVkg body 
weight. Control animals were injected with an equivalent 
volume of vehicle. When drug solutions were prepared from 
a salt of the compound, the doses refer to the weight of the 
salt. Eight rats were teBted per dose and were individually 
placed in Plexiglas cages (30 x 26 x 10 cm) to allow counting 
over a 45 min observation period. When a substance was 
active in inducing penile erections, half maximal effective doses 
(ED50) were calculated by probit analysis. In those instances 
in which not all rats exhibited penile erection, then the 
approximate doses producing penile erection in half of the rats 
was used- 

Schedule-Induced Polydipsia Task in Rats. Excessive 
drinking was induced in adult female RORO rats (Biological 
Research laboratories, CH-4414 Fullinsdorf, Switzerland) 
through the use of a fixed-time operant schedule (FT-1 min). 
The rats were drug experienced and were food deprived 
overnight prior to each test session. The test apparatus 
consisted of a sound-attenuated chamber surrounding a Fleari- 
glas test box (30 x 25 x 30 cm) which was equipped with a 
stainless-steel grid floor and a mechanism to permit the 
automatic delivery of one 45-mg food pellet (Formula A/I; P. 
J. Noyes Company, Inc., Lancaster, NH) each min into. a food 
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cup located within the apparatus. The test session was 1 h. 
The experimental compounds were given in 0.3% (w/v) Tween- 
80 in distilled water in a volume of 2 mL/kg body weight. 
Treatment was administered 30 min prior to the start of 
testing. The same group of 10 rats was used to test vehicle 
and each of the selected doses of a test compound (doses chosen 
at half-logarithrnic units in the dose range 1-30 mg/kg). Test 
days alternated with training days on which the session 
proceeded in the same manner as on test days, except no 
treatment was given and no data were recorded. A bottle 
containing tap water attached to the test apparatus was 
always available during test sessions with intake measured 
to the nearest 1 g. Evaluation was done to compare the effect 
of each dose to that obtained for the vehicle condition using a 
two-tailed Wilcoxon test with a p-value of £ 0.05 accepted as 
statistically significant. The lowest dose tested which yi elded 
a statistically significant difference to vehicle treatment (MED, 
minimum effective dose) was determined. 
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